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(54) Photosensitive composition and 1,3-dihydro-1-oxo-2H-indene derivative 

(57) Disclosed is a photosensitive composition for 
short wave exposure use, which comprises (i) a sensi- 
tizing dye as a 1,3-dihydro-1-oxo-2H-indene derivative 
having a specified structure, (ii) an activator compound 
that generates chemical changes by its interaction with 
an electronic excitation condition induced by light 
absorption of the sensitizing dye represented by for- 
mula (I) and thereby produces at least any one of radi- 
cals, acids and bases and (iii) a compound whose 
physical or chemical characteristics are changed and 
maintained by undergoing reaction with at least any one 
of radicals, acids and bases. 
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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to a photosensitive composition which contains a novel photo-initiation system, partic- 
ularly a photo-initiation system having high sensitivity and excellent stability. This invention also relates to a photopoly- 
merizable composition which is particularly excellent as a material for use in the lithographic printing plate precursors, 
by which plate making can be effected by the scanning exposure based on digital signals. 

10 BACKGROUND OF THE INVENTION 

[0002] In the prior art, PS plates having a construction in which a lipophilic photosensitive resin layer is provided on 
a hydrophilic support have been broadly used as lithographic printing plates, and desired printing plates have been 
obtained generally a plate making method in which a masking exposure (surface exposure) is carried out via a lith film 

15 and then non-image parts are dissolved and removed. . 

[0003] In recent years, digitization techniques in which image information is electronically treated, accumulated 
and output using a computer have been widely popularized, and various corresponding new image output systems 
have been put into practical use. As a result, there is a demand for a computer to plate (CTP) technique for directly pro- 
ducing a printing plate without mediating a lith film by scanning a high directivity light such as laser beam according to . 

20 the digitized image information, and production of the printing plate precursors suited for such a technique therefore is 
now an important technical subject. 

[0004] As one of the methods for obtaining such lithographic printing plates capable of effecting scanning exposure, 
a construction in which aphotopolymerization system composition having excellent sensitizing speed is used as an ink- 
acceptable photosensitive resin layer (to be referred to as "photosensitive layer" hereinafter) to be provided on a 
25 hydrophilic support has been proposed and is already on the market. A precursor of such a construction renders pos- 
sible simple and easy developing treatment and has desirable machine plate making and printing properties such as 
excellent resolution, inking property, printing durability and anti-scumming property. 

[0005] The aforementioned photopolymerizable composition basically comprises an ethylenic unsaturated com- 
pound, a photopolymerization initiation system and a binder resin, and the image formation is effected by a process in 

30 which the photo-initiation system absorbs light to form an active radical which induces addition polymerization of the 
ethylenic unsaturated compound to cause ^solubilization of the photosensitive layer. Most of the prior art proposals 
regarding photopolymerizable compositions capable of effecting scanning exposure disclose the use of photo-initiation 
systems having excellent photosensitivity and are described for example by Bruce M. Monroe et at. in Chemical 
Review, 93, 435 (1993) and by R.S. Davidson in Journal of Photochemistry and Biology A: Chemistry, 73, 81 (1993). 

35 [0006] Regarding the background art CTP system which uses a photopolymerizable composition comprising such 
an initiation system and a long wavelength visible light source such as Ar laser (488 nm) or ED-YAG laser (532 nm) as 
the light source, writing at a more higher speed is expected for the purpose of improving productivity of the plate making 
step, but such a purpose has not been achieved yet because of insufficient output of the light source and insufficient 
sensitivity of the photosensitive material. 

40 [0007] On the other hand, a semiconductor laser which uses, for example, an InGaN system material and can effect 
continuous oscillation at a range of from 350 nm to 450 nm has been put into practical steps in recent years. In the scan- 
ning exposure system which uses these short wavelength light sources, the semiconductor laser can be produced with 
low cost due to its structure, so that it is possessed of an advantage in that an economical system having sufficient out- 
put can be constructed. In addition, in comparison with the prior art system which uses FD-YAG or Ar laser, it renders 

45 possible the use of a photosensitive material which has a short wavelength photosensitive rage and can be handled 
under a more bright safe light. 

[0008] However, no information is available to date concerning a photo-initiation system having sufficient sensitivity 
for scanning exposure at a short wavelength region of from 350 nm to 450 nm. 

[0009] In addition, as is described for example by J.P. Faussier in "Photoinitiated Polymerization - Theory and Appli- 
50 cations": Rapra Review vol. 9, Report Rapra Technology (1998) and by M. Tsunooka etal. in Prog. Polym. Sc/\, 21, 1 
(1996), construction of a photoinitiation system having high sensitivity is a technique still greatly expected in the imag- 
ing field. Since a photoinitiation system comprising a sensitizing dye and an activator can generate an acid or base in 
addition to the aforementioned active radical, by selecting the activator, it is used for example in the image formation 
such as optical image formation, holography or color hard copy, in the field of electronic material production such as of 
55 photo resists and in photo-curing resin materials such as ink, paints and adhesives. In these industrial fields, there is a 
demand for finding a sensitizing dye having excellent light absorption ability and sensitizing ability, in order to induce 
decomposition of the activator efficiently. 
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SUMMARY OF THE INVENTION 

[001 0J The object of the present invention is to provide a photosensitive composition which uses a novel photo-ini- 
tiation system having high sensitivity for a wide wavelength region of from 350 nm to 450 nm and is suited for litho- 
5 graphic printing plate precursors having high sensitivity for the oscillation wavelength of inexpensive short wave 
semiconductor laser, for the purpose of obtaining a lithographic printing plate for scanning exposure use which is excel- 
lent in terms of workability and economy and suited for the CTP system. 

[0011] Another object of the present invention is to provide a novel compound which can be used in the composi- 
tion. 

10 [001 2] With the aim of achieving the above objects, the inventors of the present invention have conducted intensive 
studies and found as a result of the efforts that a novel photo-initiation system comprising a sensitizing dye having a 
specified structure and an activator compound can give particularly high photosensitive property. 
[0013] Specifically, it was found that a photo-initiation system which comprises (i) a sensitizing dye represented by 
formula (I) and (ii) an activator compound that generates chemical changes by its interaction with an electronic excita- 

15 tion condition induced by light absorption of the sensitizing dye represented by the formula (I), thereby producing at 
least any one of radicals, acids and bases, has markedly high photosensitivity and shows high sensitivity particularly at 
a wavelength of approximately from 350 to 450 nm. 



wherein A represents S atom or NR 7 , Y represents a non-metallic atomic group which forms basic nucleus of the pig- 
ment together with the adjacent A and carbon atom, each of R lt R 2 , R 3 , R 4 , R 5 and Re independently represents a 
35 monovalent group of the non-metallic atomic group, and R 7 represents an alkyl group or an aryl group. 

[0014] The above-described initiation system can provide an excellent photosensitive composition in combination 
with (iii) a compound whose physical or chemical characteristics are changed and maintained by undergoing reaction 
with at least any one of radicals, acids and bases. 

[0015] It was found also that a lithographic printing plate precursor which has sufficient sensitivity for scanning 
40 exposure by a short wave semiconductor laser, can be handled under a bright safe light and shows excellent printing 
ability can be obtained by the use of the photosensitive composition in which the compound (iii) whose physical or 
chemical characteristics are changed and maintained by undergoing reaction with at least any one of radicals, acids 
and bases is an addition-polymerizable compound having an ethylenic unsaturated double bond. 
[0016] Also, in order to obtain the effects of the present invention, it is desirable that the sensitizing dye (i) repre- 
45 sented by the formula (I) is a 1,3-dihydro-1-oxo-2H-indene derivative represented by formula (II), and this compound is 
a novel compound. 
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15 

wherein A represents S atom or NR 7l each of R lf R 2 , R3, R4, R5, R6, Rs and R 9 independently represents a monovalent 
group of the non-metallic atomic group, and R 7 represents an alkyt group or an aryl group, wherein and R 9 may com- 
bine with each other to form a five- to eight-membered ring. 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0017] Embodiment of the present invention is described in detail below. 
A. Photo-initiation system 

25 

[0018] The photo-initiation system of the present invention comprises (i) a sensitizing dye 1,3-dihydro-1-oxo-2H- 
indene derivative having a specified structure and (ii) an activator compound which generates chemical changes by its 
interaction with an electronic excitation condition induced by light absorption of the sensitizing dye and thereby pro- 
duces at least any one of radicals, acids and bases. 

30 [001 9] One of the characteristics of the sensitizing dye (i) of the present invention is that it shows particularly excel- 
lent absorption property at a wavelength region of from 350 nm to 450 nm. In addition, the dye (i) shows markedly high 
photosensitivity by efficiently inducing decomposition of various activators. As the sensitization mechanism of a photo- 
initiation system comprising a sensitizing dye and an activator, some pathways are generally known, such as (1 ) reduc- 
tive decomposition of the activator, based on the electron transfer from the electronic excitation condition of the sensi- 

35 tizing dye to the activator, (2) oxidative decomposition of the activator, based on the electron transfer from the activator 
to the electronic excitation condition of the sensitizing dye and (3) decomposition of the activator from its electronic exci- 
tation condition, based on the energy transfer from the electronic excitation condition of the sensitizing dye to the acti- 
vator, and it was found that the sensitizing dye of the present invention can induce any type of these sensitization 
reactions with excellent efficiency. 

40 [0020] The present inventors have found that the presence of a 1 ,3-dihydro-1-oxo-2H-inden-2-yl partial structure in 
the sensitizing dye is markedly important for obtaining high sensitivity, though its action mechanism is not dear yet. The 
sensitizing dye of the present invention shows high strength emission (fluorescence and/or phosphorescence) spec- 
trum. Thus, it can be considered as one of the possibilities that the sensitizing dye of the present invention having the 
above-described partial structure has a relatively long life of its excitation condition which therefore contributes to the 

45 improved efficiency of its reaction with the activator. Another possibility is that the 1 ,3-dihydro-1-oxo-2H-inden-2-yl par- 
tial structure is contributing to the improved efficiency of a sensitization reaction initial step (e.g., electron transfer) and 
further to the improved efficiency of subsequent reactions until decomposition of the activator. 

(A1) Sensitizing dye 

50 

[0021] The sensitizing dye to be used in the present invention is a compound represented by the following formula 
(0. 
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[0022] In the formula (I), A represents S atom or NR 7 , Y represents a non-metallic atomic group which forms basic 
nucleus of the dye together with the adjacent A and carbon atom, each of R 1t R 2 , R3. R4, R5 and. Re independently rep- 
resents a monovalent group of the non-metallic atomic group, and R 7 represents an alkyl or aryl group. 
20 [0023] The formula (I) described in detail. A is S atom or NR 7 , R 7 is a substituted or unsubstituted alkyl group or a 
substituted or unsubstituted aryl group and Y is a non-metallic atomic group which forms basic nucleus of the dye 
together with the adjacent A and adjacent carbon atom. 

[0024] Preferred examples of the R 7 are illustratively described. Linear, branched and cyclic alkyl groups having 
from 1 to 20 carbon atoms can be cited as preferred examples of the alkyl group, and specific examples thereof include 

25 methyl group, ethyl group, propyl group, butyl group, pentyl group, hexyl group, heptyl group, octyl group, nonyt group, 
decyl group, undecyl group, dodecyl group, tridecyl group, hexadecyl group, octadecyl group, eicosyl group, isopropyl 
group, isobutyl group, s-butyl group, t-butyl group, isopentyl group, neopentyl group, 1-methylbutyl group, isohexyl 
group, 2-ethylhexyl group, 2-methylhexyl group, cyclohexyl group, cyclopentyl group and 2-norbornyl group. More pre- 
ferred among these alkyl groups are a linear group having from 1 to 12 carbon atoms, a branched group having from 3 

30 to 12 carbon atoms and a cyclic group having from 5 to 10 carbon atoms. 

[0025] Regarding the substituent group of the substituted alkyl group, a group of monovalent non-metallic atomic 
groups excluding hydrogen is used, and its preferred examples include a halogen atom (-F, -Br, -CI or -I), hydroxyl 
group, an alkoxy group, an aryloxy group, a mercapto group, an alkylthio group, an arylthio group, an alkyldithio group, 
an aryldithio group, amino group, an N-alkylamino group, an N,N-dialkylamino group, an N-arylamino group, an N,N- 

35 diarylamino group, an N-alkyl-N-arylamino group, an acyloxy group, a carbamoyloxy group, an N-alkylcarbamoyloxy 
group, an N-arylcarbamoyloxy group, an N,N-dialkylcarbamoyloxy group, an N.N-diarylcarbamoyloxy group, an N-alkyl- 
N-arylcarbamoyloxy group, an alkylsulfoxy group, an arylsulfoxy group, an acyloxy group, an. acylthio group, an 
acylamino group, an N-alkylacylamino group, an N-arylacylamino group, a ureido group, an N'-alkyluredio group, an 
N\N'-dialkylureido group, an N'-arylureido group, an N'.N'-diarylureido group, an N'-alkyl-N-arylureido group, an N- 

40 alkylureido group, an N-arylureido group, an N'-alkyl-N-alkylureido group, an N'-alkyl-N-arylureido group, an N\N'- 
dialkyl-N-alkylureido group, an N'.N'-dialkyl-N-arylureido group, an N'-aryl-N-alkylureido group, an N'-aryl-N-arylureido 
group, an N'.N'-diaryl-N-alkylureido group, an N'.N'-diaryl-N-arylureido group, an N'-alkyl-N-aryl-N-alkytureido group, 
an N'-alkyl-N'-aryl-N-arylureido group, an alkoxycarbonylamino group, an aryloxycarbonylamino group, an N-alkyl-N- 
alkoxycarbonylamino group, an N-alkyl-N-ary|oxycarbonylamino group, an N-aryl-N-alkoxycarbonylamino group, an N- 

45 aryl-N-aryloxycarbonylamino group, a formyl group, an acyt group, carboxyl group, an alkoxycarbonyl group, an aryloxy- 
carbonyl group, carbamoyl group, an N-alkylcarbamoyl group, an N,N-dialkylcarbamoyl group, an N-aryJcarbamoyl 
group, an N,N-diarylcarbamoyl group, an N-alkyl-N-arylcarbamoyl group, an alkylsulfinyl group, an arylsulfinyl group, an 
alkylsulfonyl group, an arylsulfonyl group, sulfo group (-SO3H) and its conjugate base group (to be referred to as sul- 
fonato group hereinafter), an alkoxysulfonyl group, an aryloxysuifonyl group, a sulfinamoyl group, an N-alkylsulfinamoyl 

so group, an N.N-dialkylsulfinamoyl group, an N-arylsulfinamoy! group, an N,N-diarylsulfinamoyl group, an N-alkyl-N-aryl- 
sulfinamoyl group, a sulfamoyl group, an N-alkylsulfamoyl group, an N,N-dialkylsulfamoyl group, an N-arylsulfamoyi 
group, an N,N-diarylsulfamoyl group, an N-alkyt-N-arylsulfamoyl group, phosphono group (-P0 3 H 2 ) and its conjugate 
base group (to be referred to as phosphonato group hereinafter), a dialkytphosphono group (-P0 3 (alkyl) 2 ), a diaryl- 
phosphono group (-P0 3 (aryl)2), an alkylarylphosphono group (-P0 3 (alkyl)(aryl)) group, a monoalkylphosphono group 

55 (-P0 3 H(alkyl)) and its conjugate base group (to be referred to as alkylphosphonato group hereinafter), a monoaryl- 
phosphono group (-P0 3 H(aryl)) and its conjugate base group (to be referred to as arylphosphonato group hereinafter), 
phosphonooxy group (-OP0 3 H 2 ) and its conjugate base group (to be referred to as phosphonatooxy group hereinafter), 
a dialkylphosphonooxy group (-OP0 3 (alkyl) 2 ), a diarylphosphonooxy group (-OPCtyarylfe), an alkylarylphosphonooxy 
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group (-OP0 3 (alkyt)(aryl)) group, a monoalkylphosphonooxy group (-OP0 3 H(alkyI» and its conjugate base group (to 
be referred to as alkylphosphonatooxy group hereinafter), a monoarylphosphonooxy group (-OP0 3 H(aryl)) and its con- 
jugate base group (to be referred to as aryfphosphonatooxy group hereinafter), cyano group, nitro group, an aryl group, 
a heteroaryl group, an alkenyl group, an alkynyl group and silyl group. 

[0026] Specific examples of the alky! group in these substituent groups are as described in the foregoing, which 
may have additional substituent groups, and specific examples of the aryl group include phenyl group, biphenyl group, 
naphthyt group, tolyl group, xylyl group, mesityl group, cumenyl group, chlorophenyl group, bromophenyl group, chlo- 
romethylphenyl group, hydroxyphenyl group, methoxyphenyl group, ethoxyphenyl group, phenoxyphenyl group, acetox- 
yphenyl group, benzolyoxyphenyl group, methylthiophenyl group, phenylthiophenyl group, methylaminophenyl group, 
dimethyiaminopheny! group, acetytaminophenyl group, carboxyphenyl group, methoxycarbonyl phenyl group, ethoxy- 
phenylcarbonyl group, phenoxycarbonylphenyi group, N-phenylcarbamoyl phenyl group, phenyl group, cyanophenyl 
group, sulfophenyl group, sulfbnatophenyl group, phosphonophenyl group and phosphonatophenyl group. 
[0027] Regarding the heteroaryl group, a group derived from a monocyclic or polycyclic aromatic ring containing at 
least one of nitrogen, oxygen and sulfur atoms is used, and examples of the heteroaryl ring in particularly preferred het- 
eroaryl groups include thiophene, thiathrene, furan, pyran, isobenzofuran, chromene, xanthene, phenoxazine, pyrrole, 
pyrazole, isothiazole, isoxazole, pyrazine, pyrimidine, pyridazine, indolizine, isoindolizine, indolyl, indazole, purine, qui- 
nolizine, isoquinoline, phthalazine, naphthyridine, quinazoline, cinnoline, pteridine, carbazole, carbdline, phenanthrene, 
acridine, perimidine, phenanthroline, phthalazine, phenarsazirie, phenoxazine, furazane and phenoxazine, which may 
be benzo-condensed or have a substituent group. 

[0028] Examples of the alkenyl group include vinyl group, 1-propenyl group, 1-butenyl group, cinnamyl group and 
2-chloro-1-ethenyl group, and examples of the alkynyl group include ethynyl group, 1-propynyl group, 1-butynyl group 
and trimethylsilylethynyl group. Examples of in the acyl group (GjCO-) include hydrogen and the aforementioned 
alkyl and aryl groups. Among these substituent groups, more preferred examples include a halogen atom (-F, -Br, -CI 
or -I), an aikoxy group, an aryloxy group, an alkylthio group, an arylthio group, an N-alkylamino group, an N,N- 
dialkylamino group, an acyloxy group, an N-alkylcarbamoyloxy group, an N-arylcarbamoyloxy group, an acylamino 
group, formyl group, an acyl group, carboxyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, carbamoyl 
group, an N-alkylcarbamoyl group, an N,N-dialky!carbamoyl group, an N-arylcarbamoyl group, an N-alkyl-N-arylcar- 
bamoyl group, sulfo group, sulfonato group, sulfamoyl group, an N-alkylsulfamoyl group, an N,N-dialkylsulfamoyl group, 
an N-arylsulfamoyl group, an N-alkyl-N-arylsulfamoyl group, phosphono group, a phosphonato group, a dialkyl- 
phosphono group, a diarylphosphono group, a monoalkylphosphono group, an alkylphosphonato group, a monoaryl- 
phosphono group, an arylphosphonato group, a phosphonooxy group, a phosphonatooxy group, an aryl group, an 
alkenyl group and an alkylidene group (e.g., methylene group). 

[0029] On the other hand, examples of the alkylene group in the substituted alkyl groups include those in which the 
aforementioned alkyl groups having from 1 to 20 carbon atoms are made into divalent organic residues by removing 
any one of the hydrogen atoms from each alkyl group, and their preferred examples include linear, branched and cyclic 
alkylene groups, respectively having from 1 to 12 carbon atoms, from 3 to 12 carbon atoms and from 5 to 10 carbon 
atoms. 

[0030] Specific examples of the substituted alkyl group desirable as R 7 obtained by the combination of the afore- 
mentioned substituent group with alkylene group include chloromethyl group, bromomethyl group, 2-chloroethyl group, 
trifluoromethyl group, methoxymethyl group, methoxyethoxyethyi group, allyloxymethyl group, phenoxymethyl group, 
methylthiomethyl group, trityithiomethyl group, ethylaminoethyl group, diethylaminopropyl group, morpholinopropyl 
group, acetyloxymethyl group, benzoyloxymethyl group, N-cyclohexylcarbamoyloxyethyl group, N-phenylcarbamoy- 
loxyethyl group, acetylaminoethyl group, N-methylbenzoylaminopropyl group, 2-oxoethyl group, 2-oxopropyl group, car- 
boxypropyl group, methoxycarbonylethyl group, allyloxycarbonylbutyl group, chlorophenoxycarbonylmethyl group, 
carbamoylmethyl group, N-methylcarbamoylethyl group, N,N-dipropylcarbamoylmethyl group, N-(methoxyphenyl)car- 
bamoylethyl group, N-methyl-N-(suifophenyl)carbamoylmethyl group, sulfobutyl group, sulfonatopropyl group, sulfona- 
tobutyl group, sulfamoylbutyl group, N-ethylsulfamoyl methyl group, N,N-dipropylsulfamoylpropyl group, N- 
tolylsulfamoylpropyl group, N-methyl-N-(phosphonophenyl)sulfamoyIoctyl group, phosphonobutyl group, phosphanato- 
hexyl group, diethylphosphonobutyl group, diphenylphosphonopropyl group, methylphosphonobutyl group, methylphos- 
phonatobutyl group, tolylphosphonohexyl group, tolylphosphanatohexyl group, phosohonooxypropyl group, 
phosphonatooxybutyl group, benzyl group, phenethyt group, a-methylbenzyl group, 1-methyM-phenylethyl group, p- 
methylbenzyl group, cinnamyl group, allyl group, 1-propenyl methyl group, 2-butenyl group, 2-methylallyl group, 2-meth- 
ylpropenyl methyl group, 2-propynyl group, 2-butinyl group and 3-butinyl group. 

[0031] Illustrative examples of the aryl group desirable as R 7 include those in which 1 to 3 benzene rings formed a 
condensed ring, and bensene ring and a five-membered unsaturated ring formed a condensed ring, such as phenyl 
group, naphthyl group, anthryl group, phenanthryl group, indenyl group, acenaphthenyl group and fluorenyl group, of 
which phenyl group and naphthyl group are more desirable. 

[0032] Illustrative examples of the substituted aryl group desirable as R 7 include those in which a group of mono- 



6 



EP 1 035 435 A2 



valent non-metallic atomic groups excluding hydrogen is used as a substituent group on the ring-forming carbon atom 
of the aforementioned aryt groups. Preferred examples of the substituent group include the aforementioned alkyl groups 
and substituted alkyl groups and the groups cited in the foregoing as the substituent groups in the substituted alkyl 
groups. Preferred illustrative examples of the substituted aryl group include biphenyl group, tolyl group, xylyl group, 

5 mesityl group, cumenyl group, chlorophenyl group, bromophenyl group, fluorophenyl group, chloromethylphenyl group, 
trifluoromethylphenyl group, hydroxyphenyl group, methoxyphenyl group, methoxyethoxyphenyl group, allyloxyphenyl 
group, phenoxyphenyl group, methylthiophenyl group, tritylthiophenyl group, ethylaminophenyl group, diethylaminophe- 
nyl group, morpholinophenyl group, acetyJoxyphenyl group, benzoyloxyphenyl group, N-cyclohexylcarbamoyloxyphenyl 
group, N-phenylcarbamoyloxyphenyl group, acetylaminophenyl group, N-methylbenzoylaminophenyl group, carboxy- 

10 phenyl group, methoxycarbonylphenyl group, allyloxycarbonylphenyl group, chlorophenoxycarbonylphenyl group, car- 
bamoylphenyl group, N-methylcarbarnoylphenyl group, N,N-dipropylcarbamoyl phenyl group, N- 
(methoxyphenyl)carbamoylphenyl group, N-methyl-N-(sulfophenyl)carbamoylphenyl group, sulfophenyl group, sulfonat- 
ophenyl group, sulfamoylphenyl group, N-ethytsulfamoylphenyl group, N,N-dipropylsulfamoylphenyl group, N-tolylsulfa- 
moylphenyl group, N-methyl-N-(phosphonophenyl)sulfamoylphenyl group, phosphonophenyl group, 

f5 phosphanatophenyl group, diethylphosphonophenyl group, diohenylohosphonophenyl group, methylphosphonophenyl 
group, methylphoshonatophenyl group, tolylphosphonophenyl group, tolylphosphanatophenyl group, allylphenyl group, 
1-propenylmethylphenyt group, 2-butenylphenyl group, 2-methylaIlylphenyl group, 2-methylpropenylphenyl group, 2- 
propynylphenyl group, 2-butynylphenyi group and 3-butynylphenyI group. 

[0033] Next, Y in the formula (I) is described. Y is a non-metallic atomic group which is necessary to form a hete^ . 
20 rocyclic ring together with the aforementioned A and the adjacent carbon atom. Examples of such a heterocyclic ring 
include five-, six- or seven-membered nitrogen-containing or sulfur-containing heterocyclic rings which may have a con- 
densed ring, preferably a five- or six-membered heterocyclic ring. 

[0034] Regarding the nitrogen-containing heterocyclic ring, any one of those which are known to form basic nuclei 
in merocyanine dyes described for example by L.G. Brooker et al. in J. Am. Chem. Soc. , 73, 5326 - 5358 (1951 ) and in 

25 other references can be used preferably. Its illustrative examples include thiazoles (e.g., thiazole, 4-methylthiazole, 4- 
phenylthiazole, 5-methylthiazoie, 5-phenylthiazole, 4,5-dimethylthiazole, 4,5-diphenylthiazole, 4,5-di(p-methoxyphe- 
nylthiazole), 4-(2-thienyl) and 4,5-di(2-furyl)thiazole), benzothiazoles (e.g., benzothiazole, 4-chlorobenzothiazole, 5- 
chlorobenzothiazole, 6-chIorobenzothiazole, 7-chlorobenzothiazole, 4-methylbenzothiazole, 5-methylbenzothiazole, 6- 
methylbenzothiazole, 5-bromobenzothiazole, 4-phenylbenzothiazole, 5-phenylbenzothiazole, 4-methoxybenzothiazole, 

30 5-methoxybenzothiazole, 6-methoxybenzothiazole, 5-iodobenzothiazole, 6-iodobenzothiazole, 4-ethoxybenzothiazole, 
5-ethoxybenzothiazole, tetrahydrobenzothiazole, 5,6-dimethoxybenzothiazole, 5,6-dioxymethylenebenzothiazole, 5- 
hydroxybenzothiazoie, 6-hydroxybenzothiazole, 6-dimethylaminobenzothiazole and 5-ethoxycarbonyIbenzothiazole), 
naphthothiazoles (e.g., naphtho[1,2]thiazole, naphtho[2,1]thiazole, 5-methoxynaphtho[2,1]thiazole, 5-ethoxynaph- 
tho[2,1]thiazole, 8-methoxynaphtho[1 ,2]thiazole and 7-methoxynaphtho[1 ,2]thiazole), thianaphtheno-7',6\4,5-thiazoles 

35 (e.g., 4'-methoxythianaphtheno-7\6\4,5-thiazole), oxazoles (e.g., 4-methyloxazole, 5-methyloxazole, 4-phenyloxazole, 
4,5-diphenyloxazole, 4-ethyloxazole, 4,5-dimethyloxazole and 5-phenyIoxazole), benzoxazoles (e.g., benzoxazole, 5- 
chlorobenzoxazole, 5-methylbenzoxazole, 5-phenylbenzoxazole, 6-methylbenzoxazole, 5,6-dimethylbenzoxazole, 4,6- 
dimethylbenzoxazole, 6-methoxybenzoxazoIe, 5-methoxybenzoxazole, 4-ethoxybenzoxazole, 5-chlorobenzoxazole, 6- 
methoxybenzoxazole, 5-hydroxybenzoxazole and 6-hydroxybenzoxazole), naphthooxazoles (e.g., naphtho[1,2]oxazole 

40 and naphtho[2,1]oxazole), selenazoles (e.g., 4-methylselenazole and 4-phenylselenazole), benzoselenazoles (e.g., 
benzoselenazoie, 5-chlorobenzoselenazole, 5-methoxybenzoselenazole, 5-hydroxybenzoselenazole and tetrahyd- 
robenzoselenazole), naphthoselenazoles (e.g., naphtho[1,2]selenazole and naphtho[2,1]selenazoie), thiazoiines (e.g., 
thiazoline, 4-methyithiazoline, 4,5-dimethylthiazoline, 4-phenylthiazoline, 4,5-di(2-fury1)thiazoline, 4,5-diphenylthiazo- 
line and 4,5-di(p-methoxyphenyl)thiazotine), 2-quinolines (e.g., quinoline, 3-methylquinoline, 5-methylquinoline, 7- 

45 methylquinoline, 8-methylquinoline, 6-chloroquinoline, 8-chloroquinoIine, 6-methoxyquinoline, 6-ethoxyquinoline, 6- 
hydroxyquinoiine and 8-hydroxyquinoline), 4-quinolines (e.g., quinoline, 6-methoxyquinoline, 7-methylquinoline and 8- 
methyiquinoline), 1-isoquinolines (e.g., isoquinoline and 3,4-dihydroisoquinoline), 3-isoquinolines (e.g., quinoline), ben- 
zimidazoles (e.g., 1 ,3-dimethylbenzimidazole, 1,3-diethylbenzimidazole and 1-ethyl-3-phenylbenzimidazole), 3,3- 
dialkylindolenines (e.g., 3,3-dimethylindolenine, 3,3,5-trimethylindolenine and 3,3,7-trimethylindoIenine), 2-pyridines 

so (e.g., pyridine and 5-methylpyridine) and 4-pyridine (e.g., pyridine). In addition, substituent groups of these rings may 
be linked together to form a ring. 

[0035] The dithiol partial structures in dyes described in JP-A-3-296759 can be cited as examples of the sulfur-con- 
taining heterocyclic ring. 

[0036] Their illustrative examples include benzodithiols (e.g., benzodithiol, 5-t-butylbenzodithioI and 5-methylben- 
55 zodithiol), naphthodithiols (e.g., naphtho[1 ,2]dithiol and naphtho[2,1]dithiol) and dithiols (e.g., 4,5-dimethyldithiols, 4- 
phenyldithiols, 4-methoxycarbonyldithiols, 4,5-dimethoxycarbonyldithiols, 4,5-diethoxycarbonyldithiols, 4,5-ditrifluor- 
omethyldithiol, 4,5-dicyanodithiol, 4-methoxycarbonylmethyldithiol and 4-carboxymethyldithiol). 
[0037] Further, although the above-described examples of the heterocyclic rings are illustrated in terms of hetero- 
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cyclic ring mother compounds in accordance with the usual manner, these heterocyclic rings are actually represented 
as dihydro alkylidene substituents to form the partial structure of the dye (I). 

[0038] Among the aforementioned examples of the nitrogen-containing or sulfur-containing heterocyclic ring 
formed by the binding of Y to the aforementioned A and the adjacent carbon atom in the formula (l) t a dye having the 
5 following partial structural formula (l-A) is particularly desirable, because it provides a photopolymerizable composition 
which not only has high sensitization ability but also is markedly excellent in preservation stability. In the formula (I), the 
dye having a structure represented by the partial structural formula (l-A) is a novel compound. 

(Partial structural formula) 



15 




[0039] In the formula (l-A), A is as defined in the formula (I) and each of R 8 and R 9 independently represents a 
25 monovalent group of a non-metallic atomic group, wherein Rs and Rg may combine with each other to form a five- to 
eight-membered ring. 

[0040] Examples of particularly desirable R 8 and R 9 include hydrogen atom, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted aryl group and a substituted or unsubstituted heteroaryl group. More illustrative 
examples of these substituent groups are as described in the foregoing as examples of R 7 . Particularly preferred R 8 

30 and Rg are each independently an alkyl group having from 1 to 6 carbon atoms, which may be branched, phenyl group 
which may have a substituent group, furyl group which may have a substituent group, thienyl group and an alkoxycarb- 
onyl group. When Rq and R 9 combine with each other to form a five-, six- or seven-membered ring, their particularly 
preferred examples are those which form benzene ring or naphthalene ring or constitute trimethylene {-(CH 2 h-) or 
tetramethylene (-(CH 2 )4-)- 

35 [0041] Next, Ri to R$ in the formula (I) are described in detail. 

[0042] Regarding R 1t R 2 , R3, R4, R5 and Rg, a monovalent group of non-metallic atomic groups can be used each 
independently, and its more preferred examples include hydrogen atom, a halogen atom, an alkyl group, a substituted 
alkyl group, an aryl group, a substituted aryl group, an alkenyl group, a substituted alkenyl group, hydroxyl group, a sub- 
stituted oxy group, mercapto group, a substituted thio group, amino group, a substituted amino group, a substituted car- 

40 bonyl group, sulfo group, sulfonato group, a substituted sulfinyi group, a substituted sulfonyl group, phosphono group, a 
substituted phosphono group, phosphonato group, a substituted phosphonato group, cyano group, nitro group and silyl 
group. Preferred examples of these substituent groups are as described in the foregoing as examples of R 7 . 
[0043] In addition, R 1 and R 2 may together form an aliphatic ring which may form a spiro ring with the ring contain- 
ing the carbon atom to which they are linked. Examples of preferred aliphatic ring include three-, five-, six-, seven- and 

45 eight-membered aliphatic rings, more preferably three-, five- and six-membered aliphatic rings. They may further have 
substituent groups on their constituting carbon atoms (examples of the substituent groups include those of the substi- 
tuted alkyl group cited in the foregoing as examples of R 7 ), and a part of the ring-constituting carbon atoms may be sub- 
stituted with a hetero atom (e.g., oxygen atom, sulfur atom or nitrogen atom). Their preferred illustrative examples 
include those which form cyclopropane ring, cyclopentane ring, cyclohexane ring, cycloheptane ring, cyclooctane ring, 

50 cyclo-1 ,3-dioxapentane ring, cyclopentene ring, cyclohexene ring, cydoheptene ring, cyclooctene ring, cyclo-1 ,3-diox- 
apentene ring or cyclo-1 ,3-dioxahexene ring. 

[0044] Also, a case in which R 3 and R4, R 4 and R 5 or R 5 and R$ together form an aliphatic or aromatic ring can also 
be used suitably. Examples of preferred aliphatic ring include five-, six-, seven- and eight-membered aliphatic rings, 
more preferably five- or six-membered aliphatic ring. They may further have substituent groups on their constituting car- 
55 bon atoms (examples of the substituent groups include those of the substituted alkyl group cited in the foregoing as 
examples of R 7 ), and a part of the ring-constituting carbon atoms maybe substituted with a hetero atom (e.g., oxygen 
atom, sulfur atom or nitrogen atom). Their preferred illustrative examples include those which form benzocyclopentene 
ring, benzocyclohexene ring, benzocycloheptene ring, benzocyclooctene ring, 1 ,3-benzocyclohexadiene ring, 1,3-dihy- 
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dro-1 ,3-dioxaindene ring or Julolidine ring, together with benzene ring containing carbon atoms to which they are linked, 
as will be shown later in the formula (B). Examples of the case in which they form an aromatic ring include those which . 
form naphthalene ring or anthracene ring, more preferably naphthalene ring, together with benzene ring containing car- 
bon atoms to which they are linked. They may have substituent groups on their constituting carbon atoms (examples of 

5 the substituent groups include those of the substituted aikyt group cited in the foregoing as examples of R 7 ). 

[0045] Among these groups, more preferred examples of R n and R 2 include hydrogen atom, a halogen atom, an 
alkyl group, a substituted aikyt group, an aryl group, a substituted aryl group, a substituted carbonyl group and a tri- 
alkytsilyl group, and more preferred examples of R 3 to R$ include hydrogen atom, a halogen atom, an alkyl group, a sub- 
stituted alkyl group, an aryl group, a substituted aryl group, hydroxy! group, a substituted oxy group, mercapto group, a 

w substituted thio group, amino group, a substituted amino group and a substituted carbonyl group. 

[0046] Examples of the partial structure (B) having preferred R-, to R§ are illustratively shown in the following. 
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Partial structure (B) 
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[0047] The compound of the formula (I) can be formed by optionally combining a basic nucleus formed by the afore- 
mentioned A and Y together with the adjacent carbon atom with a 1,3-dihydro-1-oxo-2H-indenylidene nucleus of the 
partial structure (B). Preferred illustrative examples (D1) to (D52) of the compound of formula (I) are shown below, 
though the present invention is not restricted thereby. 
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[0048] The sensitizing dye of the present invention represented by the formula (I) can be synthesized with refer- 
35 ence, for example, to the method described by RM. Hamer et al. in The Cyanine Dyes and Related Compounds, pp. 
511 - 611 (1964) or the method described by KAI ARNE JENSEN and LARS HENRIKSEN in ACTA CHEMICA 
SCANDINAVICA, vol. 22, pp. 1 107 - 1 128 (1968). 

[0049] For example, as shown in the reaction formula (1), it can be produced by the condensation reaction of a 
basic nucleus material having a leaving group on the carbon atom adjacent to A with an appropriate indanone deriva- 
40 tive. 



45 



50 



55 
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Reaction formula (I) 

5 



10 



15 



20 




25 

[0050] The method by the reaction formula (2) can be cited as a more illustrative example of preferred synthetic 
method. For example, a basic nucleus material having a thio group on the carbon atom adjacent to A (Ing1) is converted 
into a quaternary salt (Ing2) by allowing it to react with an alkylation agent (RX, such as methyl iodide or methyl tosylate) 
and then condensing Ing2 with an indanone derivative. As occasion demands, the condensation reaction is carried out 

30 in the presence of a base. Regarding the base, generally used bases such as amine and pyridines (e.g., trialkylamine, 
dimethylaminopyridine and diazabicycloundecene (DBU)), metal amides (e.g., lithium diisopropylamide), metal alkox- 
ides (e.g., sodium methoxide and potassium t-butoxide) and metal hydrides (e.g., sodium hydride and potassium 
hydride) can be used without limitation. In general, since the indanone derivative is an active methylene having a rela- 
tively high pKa value, it is desirable to use a base having relatively strong basic property, while (Ing2) is decomposed in 

35 the presence of a base having high nucleophilic property. In consequence, high yield of the condensation reaction in 
the reaction formula (2) is obtained when a strong base with reduced nucleophilic property (e.g., sodium hydride, lithium 
diisopropylamide or potassium t-butoxide) is used an aprotic solvent (e.g., tetrahydrofuran (THF), diethyl ether, dioxane, 
dimethylfbrmamide (DMF), benzene or toluene). 

40 

Reaction formula (2) 



45 



so 




[0051] Regarding the sensitizing dye of the present invention, it is possible to carry out various chemical modifica- 
tions for the purpose of improving characteristics of the photosensitive layer. For example, strength of the exposure 
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coating can be increased and unnecessary precipitation of the dye from the coating after exposure can be inhibited, by 
binding the sensitizing dye to an addition-polymerizable compound structure (e.g., acryloyl group or methacryloyl 
group) by covalent bonding, ionic bonding, hydrogen bonding or the like means. Also, photosensitivity particularly under 
a low concentration condition of the initiation system can be considerably increased by binding the sensitizing dye to a 

5 titanocene compound which will be described later or to other radical generation parts (e.g., a reduction decomposing 
part such as alkyl halide, onium, peroxide or biimidazole, and an oxidatively cleaving part such as borate, amine, tri- 
methylsilylmethyl, carboxymethyl, carbonyl or imine). Also, introduction of hydrophilic parts (acidic groups or polar 
groups such as carboxyl group and esters thereof, sulfonic group and esters thereof and ethylene oxide group) is effec- 
tive for the purpose of increasing processing aptitude for (alkali) aqueous developing solution, which is a desirable use 

10 mode of the photosensitive layer of the present invention. Particularly, ester type hydrophilic groups have such charac- 
teristics that they form a relatively hydrophobic structure in the photosensitive layer to show excellent miscibility, and 
also form acidic groups by their hydrolysis in the developing solution to increase hydrophilic property. In addition, in 
order to improve miscibility and inhibit crystallization in the photosensitive layer, substituent groups can be introduced 
as occasion demands. For example, in a certain photosensitive system, an unsaturated bond such as of an aryl group 

75 or ally! group is markedly effective in improving miscibility in some cases, and crystallization can be significantly inhib- 
ited when steric hindrance between dye n planes is introduced by a method such as introduction of a branched alkyl 
structure. Also, adhesion to an inorganic material such as a metal or a metal oxide can be improved by the introduction 
of phosphonic, epoxy, trialkoxysilyl or the like group. As occasion demands, polymerization of the sensitizing dye can 
also be applied. 

20 [0052] Details of the use of these sensitizing dyes, such as selection of the structure, single use or joint use and 
amount to be added, can be optionally set corresponding to the performance designing of final photosensitive material. 
For example, miscibility with the photosensitive layer can be increased by jointly using two or more sensitizing dyes. In 
addition to the photosensitivity, molar absorption coefficient at the emission wavelength of the light source to be used 
is an important factor for the seleciion of sensitizing dye. The use of a dye having large molar absorption coefficient is 

25 economical, because it results in a relatively small amount of the dye to be added, and is also advantageous from the 
viewpoint of the physical properties of the photosensitive layer coating. Since photosensitivity and resolution of the pho- 
tosensitive layer and physical properties of the exposure coating exert large influences upon the absorbance at the light 
source wavelength, amount of the sensitizing dye to be added is optionally selected by taking these factors into consid- 
eration. For example, the sensitivity is reduced at a low absorbance region of 0.1 or less. Resolution is also reduced 

30 due to influence of halation. However, for the purpose of hardening a film having a thickness of 5 p.m or more, such a 
low absorbance is rather effective in increasing hardening degree in some cases. In addition, at a high absorption 
region of 3 or more, most of the light is absorbed in the photosensitive layer surface and hardening in more inner part 
is inhibited, so that, when used as a printing plate for example, film strength and plate adhesion become insufficient. 
When used as a lithographic printing plate having a relatively thin film thickness, it is desirable to set the adding sensi- 

35 tizing dye to such an amount that absorbance of the photosensitive layer becomes within the range of from 0.1 to 1 .5, 
preferably from 0.25 to 1. When used as a lithographic printing plate, such an amount is within the range of generally 
from 0.05 to 30 parts by weight, preferably from 0.1 to 20 parts by weight, more preferably from 0.2 to 10 parts by 
weight, based on 100 parts by weight of the photosensitive layer components. 

40 (A2) Activator compound 

[0053] The activator which is the second essential component in the photo-initiation system of the present invention 
is described. The activator of the present invention is a compound which generates chemical changes by its interaction 
with an electronic excitation condition of the sensitizing dye and thereby produces at least any one of radicals, acids 

45 and bases. Hereinafter, the radicals, acids and bases produced in this manner are simply referred to as active species. 
When these compounds are not present or the activator alone is used, practically sufficient sensitivity cannot be 
obtained, but, as an embodiment in which the aforementioned sensitizing dye and an active compound are jointly used, 
it is possible to use them as a single compound by employing an appropriate chemical method (e.g., linkage of the sen- 
sitizing dye and activator compound through a chemical bond). 

so [0054] Such a technical concept is disclosed for example in JP-A-2-63054. 

[0055] In general, it is considered that most of these activators produce active species through the following initial 
chemical processes (1 ) to (3). That is, (1 ) reductive decomposition of the activator, based on the electron transfer reac- 
tion from the electronic excitation condition of the sensitizing dye to the activator, (2) oxidative decomposition of the acti- 
vator, based on the electron transfer from the activator to the electronic excitation condition of the sensitizing dye and 

55 (3) decomposition of the activator from its electronic excitation condition, based on the energy transfer from the elec- 
tronic excitation condition of the sensitizing dye to the activator. Though there are many ambiguous cases regarding 
which activator compound belongs to which of the types (1 ) to (3), a remarkable characteristic nature of the sensitizing 
dye of the present invention is that its combination with any of these activator types exerts markedly high sensitization 
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effect 

[0056] The activator compounds known to those skilled in the art can be used without limitation, and many of their 
illustrative examples are described for example by Bruce M. Monroe et a/, in Chemical Review, 93, 435 (1993), by R.S. 
Davidson in Journal of Photochemistry and Biology A: Chemistry, 73, 81 (1993), by J.P. Faussier in "Photoinitiated 
5 Polymerization - Theory and Applications": Rapra Review, vol. 9, Report, Rapra Technology (1 998) and by M. Tsunooka 
etal. in Prog. Polym. Set., 21, 1 (1996). Also, regarding other compounds having functions of the aforementioned types 
(1 ) and (2), a group of compounds which undergo oxidative or reductive bond cleavage are also known, such as those 
which are described by 

F.D.Saeva in Topics in Current Chemistry, 156, 59 (1990), 
10 G.G. Maslak in Topics in Current Chemistry, 168, 1 (1993), 

H. B. Shuster et al in JACS, 1 1 2, 6329 (1 990) and 

I. D.F. Eaton et al in JACS, 1 02, 3298 (1 980). 

[0057] Illustrative examples of desirable activators are described in the following by classifying them into (a) activa- 
tors which produce active species by undergoing reductive bond cleavage, (b) activators which produce active species 
15 by undergoing oxidative bond cleavage and (c) other activators, though the present invention is not restricted by the 
description on these reaction mechanisms, because there are many cases having no popular views regarding which 
compound belongs to which of these types. 

(a) Activators which produce active species by undergoing reductive bond cleavage. 

20 

[0058] Compound having carbon-halogen bond: considered to generate active species by reductive cleavage of 
carbon-halogen bond (described for example in Polymer Preprints, Jpn, 41 (3), 542 (1992)). As the active species, rad- 
icals and acids can be generated. As illustrative examples, halomethyl-s-triazines, halomethyloxadiazoles which can be 
synthesized easily by those skilled in the art by the synthetic method described by M.R Hutt, E.F. Elslager and L.M. Mer- 
25 bel in Journal of Heterocyclic Chemistry, 1, 511 (1970) and the compounds described in German Patents 2641100, 
3333450, 3021590 and 3021599 can be suitably used. 

[0059] Compound having nitrogen-nitrogen bond or nitrogenous heterocycle-nitrogenous heterocycle bond: gener- 
ates reductive bond cleavage (described for example in J. Pys. Chem., 96, 207 (1992)). As illustrative examples, hex- 
aarylbiimtdazoles are suitably used. The active species formed is lophine radical which initiates radical chain reaction 
30 by the joint use of a hydrogen donor as occasion demands, and image formation using oxidation reaction by lophine 
radical is also known (described for example in J. Imaging Sci., 30, 215 (1986)). 

[0060] Compound having oxygen-oxygen bond: considered to generate active radicals by reductive cleavage of 
oxygen-oxygen bond (described for example in Polym. Adv. Techno!. , 1, 287 (1990). As illustrative examples, organic 
peroxides are suitably used. Radicals can be generated as the active species. 

35 [0061] Onium compound: considered to generate active species by reductive cleavage of carbon-hetero bond or 
oxygen-nitrogen bond (described for example in J. Photopotym. Sci. Technol., 3, 149 (1990)). Its useful illustrative 
examples include iodonium salts described in European Patent 104143, U.S. Patent 4,837,124, JP-A-2-150848 and JP- 
A-2-96514, sulfonium salts described in European Patent 370693, European Patent 233567, European Patent 297443, 
European Patent 297442, European Patent 279210, European Patent 422570, U.S. Patent 3,902,144, U.S. Patent 

40 4,933,377, U.S. Patent 4,760,01 3, U.S. Patent 4,734,444 and U.S. Patent 2,833,827, diazonium salts (e.g., benzenedi- 
azonium which may have a substituent group), diazonium salt resins (e.g., formaldehyde resin of diazodiphenylamine), 
N-alkoxypyridinium salts (e.g., those which are described in U.S. Patent 4,743,528, JP-A-63-1 38345, JP-A-63-142345, 
JP-A-63-142346 and JP-B-46-42363 (the term "JP-B" as used herein means an "examined Japanese patent publica- 
tion"), such as 1-methoxy-4-phenylpyridinium tetrafluoroborate) and the compounds described in JP-B-52-1 47277, JP- 

45 B-52-14278 and JP-B-52-1 4279. Radicals and acids are generated as the active species. 

[0062] Active esters: esters such as nitrobenzyl esters of sulfonic acid and carboxylic acid, esters of sulfonic acid 
and carboxylic acid with N-hydroxy compounds (e.g., N-hydroxyphthalimide and oxime), sulfonic acid esters of pyrogal- 
lol and naphthoquinonediazido-4-sulfonic acid esters can be decomposed reductively. As the active species, radicals 
and acids can be generated. Illustrative examples of the sulfonic acid esters include nitrobenzyl ester compounds 

so described in European Patent 0290750, European Patent 046083, European Patent 156153, European Patent 271851 , 
European Patent 0388343, U.S. Patent 3,901,710, U.S. Patent 4,181.531, JP-A-60-1 98538 and JP-A-53-133022, imi- 
nosulfonate compounds described in European Patent 0199672, European Patent 84515, European Patent 199672, 
European Patent 044115, European Patent 0101122, U.S. Patent 4,618,564, U.S. Patent 4,371,605, U.S. Patent 
4,431,774, JP-A-64-18143, JP-A-2-245756 and JP-A-4-365048 and the compounds described in JP-B-62-6223, JP-B- 

55 63-14340 and JP-A-59-1 74831, as well as the compounds shown below. 
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(In the above formulae, Ar represents an aromatic or aliphatic group which may be substituted.) 
20 [0063] In addition, it is possible to produce bases as the active species, and the following compounds are known 
for example. 

[0064] Ferrocene and iron allene complexes: active radicals can be produced reductively. Illustratively, they are dis- 
closed for example in JP-A-1-304453 and J P-A-1 -152109. 




40 



(In the above formulae, R represents an aliphatic or aromatic group which may be substituted.) 

[0065] Disulfones: acids can be generated by causing reductive cleavage of S-S bond. For example, diphenyldisul- 

fones described in JP-A-61-1 66544 are known. 

45 

(b) Activators which produce active species by undergoing oxidative bond cleavage. 

[0066] Alkylate complex: considered to form active radicals by oxidative cleavage of carbon-hetero bond (e.g., 
described in J. Am, Chem. Soc. ,112, 6329 (1990)). Illustratively, triaryl alkylborates are suitably used. 
so [0067] Alkylamine compound: considered to form active radicals by oxidative cleavage of C-X bond on the carbon 
adjacent to nitrogen (e.g., described in J. Am. Chem. Soc, 116, 4211 (1994)). Preferred examples of X include hydro- 
gen atom, carboxyl group, trimethyisilyl group and benzyl group. Illustratively, ethanolamines, N-phenylglycines and N- 
trimethylsilylmethylanilines can be exemplified. 

[0068] Sulfur- or tin-containing compound: a compound in which nitrogen atom of the aforementioned amines is 
55 replaced by sulfur or tin atom can form active radicals by the same action. Also, it is known that a compound having S- 
S bond can effect sensitization by S-S cleavage. 

[0069] a-Substituted methylcarbonyl compound: active radicals can be formed by oxidative cleavage of carbonyl-ct 
carbon bond. Similar compound in which carbonyl is converted into oxime ether also shows the same action. Illustrative 
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examples include 2-alkyl-1-[4-<alkylthio)phenyl]-2-morpholinopulonone-1 compounds and oxime ethers obtained by 
allowing these compounds to react with hydroxyamines and then carrying out etherification of N-OH. 
[0070] Sulfinic acid salts: active radicals can be formed reductively. Illustratively, sodium arylsulfinate can be exem- 
plified. 

(c) Other activators 

[0071] Though the sensitization mechanism is not clear, there are many compounds capable of functioning as acti- 
vators. Their examples include organic metal compounds such as titanocene and ferrocene, aromatic ketones, acyl- 
phosphines and biacylphosphines, and they can generate radicals and adds as the active species. 
[0072] Among the activator compounds to be used in the present invention, preferred compounds having excellent 
sensitivity and stability are illustratively described in the following. 

(1) Halomethyltriazines 

[0073] Compounds represented by the followino formula [II] can be exemplified. They are particularly excellent in 
terms of radical generation and acid generation abilities. 



[0074] In the formula [II], X represents a halogen atom, Y 1 represents -CX 3 , -NH 2 , -NHR r f NR 1 ' 2 or -OR 1 ', wherein 
R r represents an alkyl group, a substituted alkyl group, an aryl group or a substituted aryl group, and R 1 represents - 
CX 3 , an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group or a substituted alkenyl group. 
[0075] Illustrative examples of such compounds include the compounds described by Wakabayashi et al. in Bull. 
Chem. Soc. Japan, 42, 2924 (1969), such as 2-phenyl-4,6-bis(trichloromethyl)-S-triazine t 2-(p-chlorophenyl)-4,6- 
bis(trichioromethyl)-S-triazine, 2-{p-tolyl)-4.6-bis(trichloromethyl)-S-triazine, 2-(p-methoxyphenyl)-4,6-bis(trichlorome- 
thyl)-S-triazine, 2-(2*,4 , -dichlorophenyl)-4,6-bis(trichloromethyl)-S-triazine, 2,4,6-tris(trichloromethyl)-S-triazine, 2- 
methyl-4,6-bis(trichloromethyl)-S-triazine, 2-n-nonyl-4,6-bis(trichloromethyl)-S-triazine and 2-(a,a,p4richloroethyl)-4,6- 
bis(trichloromethyl)-S-triazine. Other examples include the compounds described in the specification of British Patent 
1388492. such as 2-{styryl-4,6-bis(trichloromethyl)-S-triazine, 2-(p-methylstyryl)-4.6-bis(trichloromethyl)-S-triazine, 2- 
(phmethoxystyryl)-4.6-bis(trichloromethyl)-S-triazine and 2-(p-methoxystyryl)-4-amino-6-trich!oromethyl-S-triazine 1 the 
compounds described in JP-A-53-1 33428, such as 2-(4-methoxy-naphtho-1-yl)-4»6-bis-trichloromethyl-S-triazine, 2-(4- 
ethoxy-naphtho-1-ylH.6-bis-trichloromethyl-S-triazine, 2-[4-(2^thoxyethyl)-rwphtho-1-ylH.6-bis-trichloromethyl-S-tii- 
azine, 2-(4,7-dimethoxy-naphthc>-1-ylH.6^is-m*chloromethyl-S-triazine and 2-(acenaphtho-5-yl)-4.6-bis-trichlorome- 
thyl-S-triazine, and the compounds described in the specification of German Patent 3337024, such as the following 
compounds. 




mi 
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[0076] Also can be exemplified are the compounds described by RC. Schaefer et al. in J. Org. Chem., 29, 1527 
(1964), such as 2-methyl-4,6-bis(tribromomethyl)-S-triazine, 2,4,6-tris(tribromomethyl)-S-triazine, 2,4,6-tris(tribro- 
momethyl)-S-triazine, 2,4,6-tris(dibromomethyl)-S-triazine, 2-amino-4-methyI-6-tribromomethyl-S-triazine and 2-meth- 
oxy-4-methyl-6-trichloromethyl-S-tria2ine. 

[0077] Also can be exemplified are the compounds described in JP-A-62-58241 , such as the following compounds. 
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[0078] In addition, the compounds described in JP-A-5-281728, such as the following compounds, can also be 
exemplified. 
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(2) Tltanocenes 

[0079] The titanocene compound to be used particularly desirably as the activator is any titanocene compound 
40 which can generate active species when irradiated with light in the coexistence of the aforementioned sensitizing dye, 
and it can be used by optionally selecting from known compounds described, for example, in JPtA-59-1 52396, JP-A- 
61-151197, JP-A-63-41483, JP-A-63-41484, JP-A-2-249, JP-A-2-291, JP-A-3-27393, JP-A-3-12403 and JP-A-6- 
41170. 

[0080] Its illustrative examples include di-cyclopentadienyl-Thdi-chloride, di-cyclopentadienyl-Ti-bis-phenyl, di- 
45 cyclopentadienyl-Ti-bis^^^.S^-pentafluorophen-l-yl, di-cyclopentadienyi-Thbis-2,3 l 5,6-tetrafluorophen-1-yl t di- 
cyclopentadienyl-Thbis-2,4,6-trifluorophen-1 -yl, di-cyclopentadienyl-ThbiS"2,6-difluorophen-1 -yl, di-cyclopentadienyl- 
Ti-bis-2,4-difluorophen-1-yl, di-methylcyclopentadienyl-Ti-bis-2,3,4,5,6-pentafluorophen-1-yl, di-methylcyclopentadi- 
enyl-Ti-bis-2,3,5,6-tetrafluorophen-1-yl, di-methylcyclopentadienyl-Ti-bis-2,4-difluorophen-1-yl and bis(cyclopentadh 
enyl)-bts(2 f 6-difluoro-3-(pir-1-yl)phenyl)titanium. 

50 

(3) Borate salt compounds 

[0081] Borate salts represented by the following formula [III] show excellent radical generation ability. 
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R 52 

s R 51 B — R 53 2® llllj 

R 54 

10 

[0082] In the formula [III], R 51 , R 52 , R 53 and R 54 may be the same or different from one another and each repre- 
sents a substituted or unsubstituted aikyt group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
alkenyl group, a substituted or unsubstituted alkynyl group or a substituted or unsubstituted heterocyclic group, wherein 
two or more groups of R 51 , R 52 , R 53 and R 54 may together form a cyclic structure, with the proviso that at least one of 
15 R 51 , R 52 , R 53 and R 54 is a substituted or unsubstituted alkyl group, and Z* represents an alkali metal cation or a qua- 
ternary ammonium cation. 

[0083] The alkyl group of R 51 to R 54 include straight, branched and cyclic groups, preferably having from 1 to 18 
carbon atoms. Its illustrative examples include methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, octyl, stearyl, 
cyclobutyl, cydopentyl'and cydohexyl. Also, examples of the substituted alkyl group include the above-described alkyl 
20 group further having a substituent group such as a halogen atom (e.g., -CI or -Br), cyano group, nitro group, an aryl 
group (preferably phenyl group), hydroxy group, a group of the following formula 

R 55 
/ 

25 N 

R 56 



30 

(wherein each of R 55 and R 56 independently represents hydrogen atom, an alkyl group having from 1 to 14 carbon 
atoms or an aryl group), -COOR 57 (wherein R 57 represents hydrogen atom, an alkyl group having from 1 to 14 carbon 
atoms or an aryl group), -COOR 58 or -OR 58 (wherein R 58 represents an alkyl group having from 1 to 14 carbon atoms 
or an aryl group and R 59 represents hydrogen atom, an alkyl group having from 1 to 14 carbon atoms or an aryl group). 
35 [0084] Examples of the aforementioned aryl group of R 51 to R 54 include aryl groups having from 1 to 3 rings, such 
as phenyl group and naphthyl group, and examples of the substituted aryl group include the above-described aryl 
groups further having a substituent group of the aforementioned substituted alkyl group or having an alkyl group of from 

1 to 14 alkyl group. 

[0085] Examples of the aforementioned alkenyl group of R 51 to R 54 include straight, branched and cyclic groups 
40 having from 2 to 18 carbon atoms, and examples of the substituent group of substituted alkenyl group include the afore- 
mentioned substituent groups of substituted alkyl group. 

[0086] Examples of the aforementioned alkynyl group of R 51 to R 54 include straight or branched groups having from 

2 to 28 carbon atoms, and examples of the substituent group of substituted alkynyl group include the aforementioned 
substituent groups of substituted alkyl group. 

45 [0087] Also, examples of the aforementioned heterocyclic group of R 51 to R 54 include heterocyclic groups of frve- 
membered rings or more, preferably from five- to seven-membered rings, containing at least one of N, S and O, and a 
condensed ring may be included in the heterocyclic ring. It may also have a substituent group selected from the afore- 
mentioned substituent groups of substituted aryl group. 

[0088] Illustrative examples of the compound represented by the formula [III] include those which are described in 
so U.S. Patent 3,567,453, U.S. Patent 4,343,891, European Patent 109772 and European Patent 109773 and the com- 
pounds shown in the following. 



55 
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N1CH 3 ) 4 






CH 3 -N^(n-C 4 H 9 ) 4 



F • N®(n-C 4 H 9 ) 4 



r -^y-B G (n-C 4 H 9 ) 3 • i>P(n-C 4 H 9 ) 4 



CH 3 O-^^B 0 (n-C 4 H 9 ) 3 • N 0 (n-C 4 H 9 ) 4 



(4) Hexaarylbiimidazoles 



so 



[0089] These compounds have excellent stability and can perform high sensitivity radical generation. Their illustra- 
tive examples include 2,2 , -bis(o-chlorophenylH.4 , ,5,5-tetraphenylbiimidazole, 2,2 , -bis(o-bromopheny1)-4.4\5,5 , -tetra- 
phenylbiimidazole, 2 t 2'-bis(o,p-dichlorophenyl)-4.4 , ,5 f 5 , -tetraphenylbiimidazole, 2,2 , -bis(o-chlorophenyl)-4. 4 ^5 t 5 , - 
. tetra(m-methoxyphenyl)biimidazole, 2,2'-bis(o,o'-dichlorophenyl)-4»4 , ,5,5 , -tetraphenylbiimidazole, 2,2 , -bis(o-nitrophe- 
55 nyl)-4»4',5,5-tetraphenylbiimidazoIe, 2,2'-bis(o-methylphenylH.4 , ,5,5 , -tetraphenylbiimidazole and 2,2'-bis(o-trifluor- 
omethy1phenylH.4\5,5Metraphenylbiimidazo!e. 
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(5) Onium salt compounds 

[0090] Onium compounds of the elements of the 1 5 (5B), 1 6 (6B) and 1 7 (7B) groups in the periodic table, illustra- 
tively N, P, As, Sb, Bi, O, S, Se, Te and I, are activators having superior sensitivity. Particularly, iodonium salts and sul- 
5 fbnium salts, most particularly diaryliodonium and triarylsulfbnium salt compounds, are markedly excellent in terms of 
both sensitivity and storage stability. These compounds can generate acids and/or radicals which can be properly used 
by optionally selecting the application conditions depending on each purpose. The following compounds are cited as 
illustrative examples. 
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35 

(6) Organic peroxide 

[0091] When an organic peroxide type activator is used, generation of radicals as active species can be effected 

40 with markedly high sensitivity. 

[0092] Regarding the (c) "organic peroxide" as another example of the component <ii) to be used in the present 
invention, almost all of organic compounds having at least one oxygen-oxygen bond in one molecule are included 
therein, and its examples include methyl ethyl ketone peroxide, cydohexanone peroxide, 3,3,54rimethyIcyclohexanone 
peroxide, methylcyclohexanone peroxide, acetylacetone peroxide, 1,1-bis(t-butylperoxy)-3,3,5-trimethylcydohexane, 

45 1,1-bis(t-butylperoxy)cyclohexane, 2,2-bis(t-butylperoxy)butane, t-butyl hydroperoxide, cumene hydroperoxide, diiso- 
propylbenzene hydroperoxide, paramethane hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide, 1,1,3,3-tetrame- 
thylbutyl hydroperoxide, dM-butyl peroxide, t-butylcumyl peroxide, dtcumyl peroxide, bis(t- 
butylperoxyisopropyl)benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3, 
acetyl peroxide, isobutyryl peroxide, octanoyl peroxide, decanoyl peroxide, lauroyl peroxide, 3,5,5-trimethylhexanoyl 

so peroxide, succinic acid peroxide, benzoyl peroxide, 2,4-dichlorobenzoyl peroxide, meta-toluoyl peroxide, diisopropyl 
peroxydicarbonate, di-2-ethylhexyl peroxydicarbonate, di-2-ethoxyethyl peroxydicarbonate, dimethoxyisopropyl peroxy- 
carbonate, di(3-methyl-3-methoxybutyl) peroxydicarbonate, t-butyl peroxyacecate, t-butyl peroxypivalate, t-butyl per- 
oxyneodecanoate, t-butyl peroxyoctanoate, t-butyl peroxy-3,5,5-trimethylhexanoate, t-butyl peroxylaurate, t-butyl 
peroxybenzoate, di-t-butyl peroxyisophthalate, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane f t-butyl permaleate, t-butyl 

55 peroxyisopropylcarbonate, S.T^^'-tetra-O-butylperoxycarbonylJbenzophenone, S^'A^-tetra-ft-amylperoxycarbo- 
ny1)benzophenone, 3,3',4,4'-tetra-(t-hexylperoxycarbonyl)benzophenone f 3,3\4,4Metra-(t-octyIperoxycarbonyl)benzo- 
phenone, S.^^^-tetra-fcumylperoxycarbonyObenzophenone, S.S'^^Metra-fp-isopropylcumylperoxycarbonyObenzo- 
phenone, carbonyl di(t-butylperoxydihydrogendiphthalate) and carbonyl di(t-hexylperoxydihydrogendiphthalate). 
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[0093] Preferred among these compounds are peroxide ester systems such as 3 t 3\4,4-tetra-(t-butylperoxycarbo- 
nyl)benzophenone, 3,3\4 t 4Metra-(t-amyperoxycarbonyl)benzophenone, S.y^^'-tetraKt-hexylperoxycarbonyiJbenzo- 
phenone, 3,3\4,4^etra-(t-octylperoxycarbonyl)ben2ophenone, 3,3\4 t 4Metra^aimyfperoxycarbonyl)ben2ophenone, 
3,3\4,4^etra-(p-isopropylcumylperoxycarbonyl)benzophenone and dl-t-butyl diperoxyisophthalate. 

5 [0094] Regarding these activators described above, it is possible to carry out various chemical modifications for the 
purpose of improving characteristics of the photosensitive layer, similar to the case of the aforementioned sensitizing 
dyes. For example, various methods can be employed, such as their binding to the sensitizing dyes, addition-polymer- 
izable unsaturated compounds and other activator parts, introduction of hydrophilic parts, improvement of miscibility 
and introduction of substituent groups for inhibiting crystallization or for improving adhesion, as well as their polymeri- 

w zation. 

[0095] Also, similar to the case of the aforementioned sensitizing dyes, application method of these activator com- 
pounds can be optionally set based on the performance designing of the photosensitive material. For example, misci- 
bility with the photosensitive layer can be increased by joint use of two or more of these compounds. Larger amount of 
the activator compound to be used is generally advantageous in terms of the photosensitivity, and sufficient photoserv 

15 srtivrty can be obtained when the compound is used in an amount of from 0.5 to 80 parts by weight, preferably from 1 
to 50 parts by weight, based on 100 parts by weight of the photosensitive layer components. On the other hand, when 
the activator itself has absorption in visible light like the case of titanocene compounds, it is desirable to use smaller 
amount of the activator in view of yellow or the like fog caused by a light of around 500 nm, in using under a white light, 
but sufficient photosensitivity can be obtained even if the amount of activator compound to be used is reduced to 6 parts 

20 by weight or less, further to 1.9 parts by weight or less, more further to 1 .4 parts by weight or less, by its combination 
with the sensitizing dye of the present invention. 

[B] Component (iii) 

25 [0096] The third essential component (iii) of the present invention is a compound whose physical or chemical char- 
acteristics are changed and maintained by the action of the active species formed by light reaction of the aforemen- 
tioned photo-initiation system, and any optional compound having such properties can be used as the component (iii) 
with no particular limitation; for example, a number of the compounds exemplified in relation to the aforementioned ini- 
tiation system have such properties. Characteristics of the component (iii) changed by the radicals, acids and/or bases 

30 formed from the photo-initiation system include changes in the molecular physical properties such as absorption spec- 
trum (color), chemical structure and polarizability and the material-based physical properties such as solubility, 
strength, index of refraction, fluidity and adhesive property. 

[0097] For example, when a compound whose absorption spectrum is changed by pH, such as a pH indicator, is 
used as the component (iii), and an acid or base is generated from the initiation system, color tone of the exposure 
35 region can be changed selectively, and such a composition is useful as an image forming material. In the same manner, 
when a compound whose absorption spectrum is changed by oxidation, reduction or nucleophilic addition reaction is 
used as the component (iii), image formation can be effected by inducing oxidation, reduction or the like reaction by rad- 
icals formed from the initiation system. Such a case is disclosed for example in J. Am. Chem. Soc, 108, 128 (1986), J. 
Imaging. Sci., 30, 215 (1986) and Israel J. Chem., 25, 264 (1986). 
40 [0098] Also, a photo-curing resin or negative type photocolymer can be formed by using an addition-polymerizable 
or polycondensation-polymerizable compound as the component (iii) in combination with the initiation system. 
[0099] As the component (iii), radical polymerization compounds (e.g., a compound having ethylenic unsaturated 
bond), cationic polymerization compounds (e.g., an epoxy compound, a vinyl ether compound and a methylol com- 
pound) and anionic polymerization compounds (e.g., an epoxy compound) are used, and such cases are described for 
45 example in Photopolymer Handbook, edited by Photopolymer Meeting, published by Industrial Examination Association 
(translation from Japanese), and High Polymer (Japanese), 45, 786 (1996). A composition in which a thiol compound 
is used as the component (iii) in combination with an optical radical generation system is also well known. 
[0100] It is also effective to use an acid-decomposable compound as the component (iii) in combination with a 
photo acid generator. For example, a material prepared from a polymer having acid-decomposable side and principal 
so chains, in which its solubility or hydrophilic or hydrophobic property is changed by light, is broadly used in practice as 
an optically decomposing photosensitive resin or a positive type photopolymer. Illustrative examples of such a material 
is described for example in ACS. Symp. Ser. 242, 11 (1984), JP-A-60-3625, U.S. Patent 5,102,771, U.S. Patent 
5,206,317, U.S. Patent 5,212,047, JP-A-26850, JP-A-3-1921731, JP-A-60-10247 and JP-A-62^0450. 
[0101] The following more illustratively describes the addition-polymerizable compound as a component (iii) which 
55 is particularly useful for the purpose of obtaining high sensitivity lithographic printing plates, as one of the objects of the 
present invention. 
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(B-1 ) Addition-potymerizable compound 

[0102] The addition-polymerizable compound having at least one ethylenic unsaturated double bond, as a desira- 
ble component (iii) to be used in the present invention, is selected from compounds having at least one, preferably two 
or more, of the terminal ethylenic unsaturated double bond. Such compounds are widely known in said industrial field 
and can be used in the present invention with no particular limitation. These compounds have certain chemical forms 
such as monomers, prepolymers, namely dimers, trimers and oligomers, or mixtures thereof and copolymers thereof. 
Unsaturated carboxyiic acids (e.g., acrylic acid, methacrytic acid, itaconic acid, crotonic acid, isocrotonic acid and 
maleic acid) and esters or amides thereof can be exemplified as the monomers and copolymers thereof, and esters of 
unsaturated carboxyiic acids with aliphatic polyhydric alcohol compounds and amides of unsaturated carboxyiic acids 
with aliphatic polyhydric amine compounds are preferably used. Also to be used preferably are addition products of 
monofunctional or multifunctional isocyanates or epoxy compounds, or dehydration condensation products of mono- 
functional or multifunctional carboxyiic acids, with unsaturated carboxyiic acid esters or amides having nudeophilic sub- 
stituent groups (e.g., hydroxy! group, amino group, mercapto group and the like). Also preferred are addition products 
of unsaturated carboxyiic acid esters or amides having electrophilic substituent groups (e.g., isocyanato group, epoxy 
group and the like) with monofunctional or multifunctional alcohols, amines or thiols, and substitution products of 
unsaturated carboxyiic acid esters or amides having leaving substituent groups (e.g., halogen group, tosyloxy group 
and the like) with monofunctional or multifunctional alcohols, amines or thiols. As another examples, derivatives of 
these compounds in which the unsaturated carboxyiic acid is replaced by unsaturated phosphonic acid, styrene or vinyl 
ether can also be used. 

[0103] Regarding the monomer of esters of aliphatic polyhydric alcohol compounds with unsaturated carboxyiic 
acids, illustrative examples of acrylic acid esters include ethylene glycol diacrylate, methylene glycol diacrylate, 1,3- 
butanediol diacrylate, tetra methylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, trimeth- 
ylolpropane triacrylate, trimethylolpropane tri(acryloyloxypropyl) ether, trimethytolethane triacrylate, hexanediol diacr- 
ylate, 1 ,4-cyclohexanediol diacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, pentaerythritol 
triacrylate, pentaerythritol tetraacrylate, dipentaerythritol diacrylate, dipentaerythritol hexaacrylate, sorbitol triacrylate, 
sorbitol tetraacrylate, sorbitol pentaacrylate, sorbitol hexaacrylate, tri(acryloyloxyethyl) isocyanulate and polyester acr- 
ylate oligomer. 

[0104] Examples of methacrylic acid esters include tetramethylene glycol dimethacrylate, triethylene glycol dimeth- 
acrylate, neopentyl glycol dimethacrylate, trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate, ethyl- 
ene glycol dimethacrylate, 1,3-butanediol dimethacrylate, hexanediol dimethacrylate, pentaerythritol dimethacrylate, 
pentaerythritol trimethacrylate, pentaerythritol tetramethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol 
hexamethacrylate, sorbitol trimethacrylate, sorbitol tetramethacrylate, bis[p-(3-methacryloxy-2-hydroxypropoxy)phe- 
nyl]dimethylmethane and bis[p-(methacryloxyethoxy)phenyl]dimethylmethane. 

[0105] Examples of itaconic acid esters include ethylene glycol diitaconate, propylene glycol diitaconate, 1,3- 
butanediol diitaconate, 1 ,4-butanediol diitaconate, tetramethylene glycol diitaconate, pentaerythritol diitaconate and 
sorbitol tetraitaconate. 

[01 06] Examples of crotonic acid esters include ethylene glycol dicrotonate, tetramethylene glycol dicrotonate, pen- 
taerythritol dicrotonate and sorbitol tetradicrotonate. 

[0107] Examples of isocrotonic acid esters include ethylene glycol diisocrotonate, pentaerythritol diisocrotonate 
and sorbitol tetraisocrotonate. 

[0108] Examples of maleic acid esters include ethylene glycol dimaleate, triethylene glycol dimaleate, pentaeryth- 
ritol dimaleate and sorbitol tetramaleate. 

[0109] As other examples of esters, the aliphatic alcohol esters described in JP-B-46-27926, JP-B-51 -47334 and 
JP-A-57-1 96231, the esters having aromatic nuclei described in JP-A-59-5240, JP-A-59-5241 and JP-A-2-226149 and 
the esters containing amino group described in JP-A-1-165613 can also be used suitably. 
[0110] In addition, the aforementioned ester monomers can be used as a mixture. 

[01 1 1] Illustrative examples of the amide monomers of aliphatic polyhydric amine compounds with unsaturated car- 
boxyiic acids include methylenebis-acrylamide, methylenebis-methacrylamide, 1,6-hexamethylenebis-acrylamide, 1,6- 
hexamethylenebis-methacrylamide, diethylenetriaminetrisacrylamide, xylylenebisacrylamide and xylylenebismethacry- 
lamide. 

[0112] As another preferred amide based monomers, the compounds having cyclohexylene structure described in 
JP-B-54-21726 can be cited. 

[0113] Also suitable is a urethane based addition-polymerizable compound which is produced using the addition 
reaction of isocyanate with hydroxy! group, and its illustrative examples include a vinyl urethane compound described 
in JP-B-48-41708, which contains two or more polymerizable vinyl groups in one molecule and is produced by adding 
a hydroxy! group-containing vinyl monomer represented by the following formula (V) to a polyisocyanate compound 
having two or more isocyanate groups in one molecule. 
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CH 2 =C(R)COOCH 2 CH(R')OH (V) 
[0114] (In this formula, each of R and R' represents H or CH 3 .) 

[0115] Also preferred are urethane acrylates described in JP-A-51 -37193, JP-B-2-32293 and JP-B-2-16765 and 
5 urethane compounds having ethylene oxide based nucleus described in JP-B-58-49860, JP-B-56-17654, JP-B-62- 
39417 and JP-B-62-39418. 

[01 16] In addition, a photopolymerizable composition having markedly excellent sensitizing speed can be obtained 
by the use of addition-polymerizable compounds having amino structure or sulfide structure in one molecule, described 
in JP-A-63-277653, JP-A-63-260909 and JP-A-1 -105238. 

10 [01 17] Other examples include multifunctional acrylates and methacrylates such as polyester acrylates and epoxy 
acrylates obtained by allowing an epoxy resin to react with (meth)acrylic acid, described in JP-A-48-64183, JP-B-49- 
431 91 and JP-B-52-30490. The specified unsaturated compounds described in JP-B-46-43946, JP-B-1-40337 and JP- 
B-1 -40336 and the vinyl phosphonate based compounds described in JP-A-2-25493 can also be exemplified. In some 
cases, the structure containing a perfluoroalkyl group as described in JP-A-61 -22048 can be used suitably. Also useful 

15 are compounds described as photo-curable monomer and oligomer in Journal of the Adhesion Society of Japan, Vol. 
20, No. 7, pp. 300 - 308 (1 984). 

[01 1 8] Details of the use of these addition-polymerizable compounds, such as selection of the structure, single use 
or joint use and amount to be added, can be optionally set corresponding to the performance designing of final sensitive 
. material. For example, they are selected from the following viewpoints. From the viewpoint of sensitizing speed, a struc- 

20 ture having larger unsaturated group content in one molecule is desirable, and two or more functional groups are desir- 
able in most cases. Also, three or more functional groups are desirable for the purpose of increasing strength of an 
imaging part, namely the hardening coat, and joint use of a compound having different functional number and different 
polymerizable group (e.g., an acrylic ester, a methacrylic ester, a styrene compound or a vinyl ether compound) is an 
effective method for regulating both photosensitivity and strength. A compound having large molecular weight or high 

25 hydrophobic property is excellent in sensitizing speed and film strength, but is not desirable in some cases in terms of 
developing speed and precipitation in the developing solution. Also, selection and use method of the addition polymer- 
ization compound are important factors for the miscibility with and dispersibility of other components in the photosensi- 
tive layer (e.g., binder polymer, initiator and colorant); for example, the miscibility is improved in some cases by the use 
of a low purity compound or two or more compound. In addition, it is possible to select a specific structure for the pur- 

30 pose of improving adhesive property of the support or overcoat layer. Regarding formulation ratio of the addition-polym- 
erizable compound in the photosensitive layer, larger ratio is advantageous from the viewpoint of sensitivity, but too 
larger ratio may cause problems such as undesirable phase separation, production step-related problems caused by 
adhesive property of the photosensitive layer (e.g., production failure due to transfer and adhesion of photosensitive 
material components) and generation of precipitate from the developing solution. In view of these points, desirable for- 

35 mulation ratio is in most cases from 5 to 80% by weight, preferably from 25 to 75% by weight, based on the total com- 
ponent of the composition. Also, these compounds may be used alone or as a mixture of two or more. Regarding use 
method of the addition-polymerizable compound, appropriate structure, formulation and amount to be added can be 
optionally selected from the viewpoints of the degree of polymerization inhibition for oxygen, resolution, fogging, 
changes in refraction index, surface adhesive property and the like factors, and layer constitution and coating method, 

40 such as under coating and over coating, can also be carried out as occasion demands. 

(B2) Binder polymer 

[0119] In applying to lithographic printing plates as a preferred embodiment of the present invention, it is desirable 
45 to use a binder polymer in the photosensitive layer. As the binder, it is preferable to contain a linear organic high molec- 
ular polymer. Such a "linear organic high molecular polymer" is not particularly limited. Preferably, a linear organic high 
molecular polymer capable of dissolving or swelling in water or weak alkali aqueous solution is selected, because it 
renders possible water development or weak alkali aqueous solution development. The linear organic high molecular 
polymer is selected and used not only as a film forming agent of the composition but also depending on its use as a 
so water, weak alkali aqueous solution or organic solvent developing agent. For example, water development becomes 
possible when a water-soluble organic high molecular polymer is used. Examples of such a linear organic high molec- 
ular polymer include addition polymers having carboxylate groups on their side chains, described for example in JP-A- 
59-44615, JP-B-54-34327, JP-B-58-12577, JP-B-54-25957. JP-A-54-92723, JP-A-59-53836 and JP-A-59-71048, such 
as a methacrylic acid copolymer, an acrylic acid copolymer, an itaconic acid copolymer, a crotonic acid copolymer, a 
55 maleic acid copolymer and a partially esterificated maleic acid copolymer. There are acidic cellulose derivatives also 
having carboxylate groups on their side chains in the same manner. In addition to these compounds, those in which 
cyclic acid anhydrides are added to addition polymers having hydroxyl group are also useful. 

[0120] Among these compounds, [benzyl (meth)acrylate/(meth)acrylic acid/other addition-polymerizable vinyl 
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monomer as occasion demands] copolymers and [ally! (meth)acrylate/(meth)acrylic acid/other addition-polymerizable 
vinyl monomer as occasion demands] copolymers are desirable, because they are well-balanced in terms of film 
strength, sensitivity and developing property. 

[0121] Also, the acid group-containing urethane based binder polymers described for example in JP-B-7-12004, 
5 JP-B-7-1 20041, JP-B-7-120042. JP-B-8-1 2424, JP-A-63-287944, JP-A-63-287947, JP-A-1-271741 and Japanese Pat- 
ent Application No. 10-116232 have markedly excellent strength, so that they are advantageous in terms of printing 
durability and low exposure fitness. 

[0122] The amido group-containing binder described in JP-A-1 1-171909 is also desirable, because it has both 
excellent developing property and film strength. 

10 [0123] In addition to these binders, polyvinyl pyrrol id one, polyethylene oxide and the like are useful as water-soluble 
linear organic high polymers. An alcohol-soluble nylon and a polyether of 2,2-bis-(4-hydroxyphenyt)-propane with 
epichlorohydrin are also useful for the purpose of increasing strength of hardened film. These linear organic high molec- 
ular polymers can be contained in the total composition in an optional amount. However, the amount if exceeding 90% 
by weight would bear no desirable effect in terms, for example, of image strength. Preferred is from 30 to 85% by weight. 

15 Also, it is desirable to use the photopoiymerizable compound having ethylenic unsaturated double bond and the linear 
organic high molecular polymer within the range of from 1/9 to 7/3 as weight ratio. In a preferred embodiment, a binder 
polymer which is substantially insoluble in water and soluble in alkaline solution is used. By using such a binder, an 
organic solvent undesirable as developing solution from the environmental point of view can be avoided or limited to a 
considerably small amount. In such a use method, acid value (the acid content per 1 g polymer, expressed by the chem- 

20 ical equivalent number) and molecular weight of the binder polymer are optionally selected in view of image strength 
and developing property. Preferred acid value is from 0.4 to 3.0 meq/g, and preferred molecular weight is within the 
range of from 3,000 to 500,000 in terms of a weight-average molecular weight, more preferably, the acid value is from 
0.6 to 2.0 and the molecular weight is within the range of from 10,000 to 300,000. 

25 [C. Other components] 

[0124] Other components suited for the use and production method can be optionally added to the photosensitive 
layer of the present invention. Preferred additives are exemplified in the following. 

30 (C1 ) Co-sensitizer 

[0125] The sensitivity can be further improved by the use of a certain additive (to be referred to as "co-sensitizer" 
hereinafter). The action mechanism is not clear but considered to be based, mostly, on the following chemical process. 
That is, it is assumed that new active radicals are formed by the reaction of a co-sensitizer with various intermediate 

35 active species (e.g., radicals, peroxides, oxidants and reductants) which are formed during the steps of the photo-reac- 
tion initiated by light absorption of the aforementioned initiation system and the subsequent addition polymerization 
reaction. These compounds are roughly classified into (a) those which produce active radicals by undergoing reduction, 
(b) those which produce active radicals by undergoing oxidation and (c) those which react with radicals having low activ- 
ity to convert them into more highly active radicals or act as a chain transfer agent, though there are many cases having 

40 no popular views regarding which compound belongs to which of these types. 

(a) Compounds which produce active radicals by undergoing reduction 

Compound having carbon-halogen bond: considered to generate active radicals by reductive cleavage of car- 
bon-halogen bond. As illustrative examples, trihalomethyl-s-triazines and trihalomethyloxadiazoles can be suitably 
45 used. 

Compound having nitrogen-nitrogen bond: considered to generate active radicals by reductive cleavage of 
nitrogen-nitrogen bond. As illustrative examples, hexaarylbiimidazoles are suitably used. 

Compound having oxygen-oxygen bond: considered to generate active radicals by reductive cleavage of oxy- 
gen-oxygen bond. As illustrative examples, organic peroxides are suitably used. 
so Onium compound: considered to generate active radicals by reductive cleavage of carbon-hetero bond or oxy- 

gen-nitrogen bond. Its useful illustrative examples include diaryliodonium salts, triarylsulfonium salts and N-alkox- 
ypyridinium (azinium) salts. 

Ferrocene and iron allene complexes: active radicals can be produced reductively. 

(b) Compound which produces active radicals by undergoing oxidation 

55 Alkylate complex: considered to form active radicals by oxidative cleavage of carbon-hetero bond. Illustratively, 

triaryl alkylborates are suitably used. 

Alkylamine compound: considered to form active radicals by oxidative cleavage of C-X bond on the carbon 
adjacent to nitrogen. Preferred examples of X include hydrogen atom, carboxyl group, trimethylsilyt group and ben- 
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zyl group. Illustratively, ethanolamlnes, N-phenylglycines and N-trimethylsilytmethylanilines can be exemplified. 

Sulfur- or tin-containing compound: a compound in which nitrogen atom of the aforementioned amines is 
replaced by sulfur or tin atom can form active radicals by the same action. Also, it is known that a compound having 
S-S bond can effect sensitization by S-S cleavage. 
5 cc-Substituted methylcarbonyl compound: active radicals can be formed by oxidative cleavage of carbonyl-a 

carbon bond. Similar compound in which carbonyt is converted into oxime ether also shows the same action. Illus- 
trative examples include 2-alkyH-[4-(alkylthio)phenyl]-2-morpholinopulonone-1 compounds and oxime ethers 
obtained by allowing these compounds to react with hydroxyamines and then carrying out etherification of N-OH. 

Sulfinic acid salts: active radicals can be formed reductively. Illustratively, sodium arylsulfinate can be exempli- 

10 fied. 

(c) Compound which reacts with radicals to convert them into more highly active radicals or acts as a chain transfer 
agent: for example, compounds having SH, PH, SiH or GeH in the molecule can be used. These compounds form 
radicals by donating hydrogen to low activity radical species or can form radicals by removing proton after oxidation. 
Its illustrative examples include 2-mercaptobenzimidazoles. 

15 

[0126] A large number of illustrative examples of these co-sensitizers are described for example in JP-A-9-236913 
as additives for the purpose of improving sensitivity. Some of them are exemplified in the following, though the present 
invention is not restricted thereby. The symbol -TMS represents trimethylsilyl group. 
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[0127] Regarding these co-sensitizers, it is possible to carry out various chemical modifications for the purpose of 
50 improving characteristics of the photosensitive layer, similar to the case of the aforementioned sensitizing dyes. For 
example, various methods can be employed, such as their binding to the sensitizing dyes, activators, addition-polymer- 
izable unsaturated compounds and other parts, introduction of hydrophilic moiety, improvement of miscibility and intro- 
duction of substituent groups for inhibiting crystallization or for improving adhesion, as well as their polymerization. 
[0128] These co-sensitizers can be used alone or as a mixture of two or more. They are used in an amount of from 
55 0.05 to 1 00 parts by weight, preferably from 1 to 80 parts by weight, more preferably from 3 to 50 parts by weight, based 
on 100 parts by weight of the compound having ethylenic unsaturated double bond. 
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(C2) Polymerization inhibitor 

[01 29] According to the present invention, in order to prevent unnecessary heat polymerization of the polymerizable 
compound having ethylenic unsaturated double bond during production or preservation of the photosensitive composi- 

5 tion, it is desirable to add a small amount of a heat polymerization inhibitor in addition to the aforementioned basic com- 
ponents. Examples of suitable heat polymerization inhibitors include hydroquinone, p-methoxyphenol, di-t-butyl-p- 
cresol, pyrogallol, t-butylcatechol, benzoquinone, 4,4-thiobis(3-methyl-6-t-butyiphenol), 2,2'-methylenebis(4~methyl-6- 
t-butylphenol) and N-nitrosophenylhydroxyamine cerium(lll) salt Amount of the heat polymerization inhibitor to be 
added is preferably from about 0.01% by weight to about 5% by weight, based on the weight of total composition. As 

10 occasion demands, in order to prevent polymerization inhibition by oxygen, a higher fatty acid derivative such as 
behenic acid or behenic acid amide may be added and localized on the photosensitive layer surface during the drying 
step after coating. Amount of the higher fatty acid derivative to be added is preferably from about 0.5% by weight to 
about 10% by weight, based on the total composition. 

15 (C3) Colorant and the like 

[0130] Also, a dye or pigment maybe added for the purpose of coloring the photosensitive layer. Addition of such 
an agent renders possible improvement of so-called suitability for plate inspection, such as visibility after plate-making 
and fitness to an image density analyzer. Since many dyes cause reduced sensitivity of the photosensitive layer, it is 
20 particularly desirable to use a pigment as the coloring agent. Illustrative examples include pigments such as a phthalo- 
cyanine pigment, an azo pigment, carbon black and titanium oxide and dyes such as Ethyl Violet, Crystal Violet, an azo 
dye, an anthraquinone dye and a cyanine dye. The dye and pigment are added in an amount of preferably from about 
0.5% by weight to about 5% by weight based on the total composition. 

25 (C4) Other additives 

[0131] In addition, other known additive agents may also be added, such as an inorganic filler and a plasticizer for 
improving physical properties of hardened film and a desensitizer which can improve inking property of the photosen- 
sitive layer surface. 

30 [0132] Examples of the plasticizer include dioctyl phthalate, didodecyl phthalate, triethylene glycol dicaprylate, 
dimethyl glycol phthalate, tricresyl phosphate, dioctyl adipate, dibutyl sebacate and triacetylglycerol, and, when a binder 
is used, it can be added in an amount of 10% by weight or less based on the total weight of the compound having eth- 
ylenic unsaturated double bond and the binder. 

[01 33] A UV initiator and a heat crosslinking agent can also be added for reinforcing effects of heating and exposure 
35 after development, with the aim of improving film strength (printing durability) which will be described later. 

[0134] In addition to the above, it is possible to add an additive or arrange an intermediate layer, for the purpose of 
improving adhesion between the photosensitive layer and a support or increasing removing property of unexposed pho- 
tosensitive layer at developing stage. For example, the adhesive property is improved and the printing durability can be 
increased by the addition or undercoating of a compound which shows relatively strong interaction with the base plate, 
40 such as a compound having diazonium structure or a phosphone compound, and developing ability of non-image part 
is improved and anti-scumming property can be improved by the addition or undercoating of a hydrophilic polymer such 
as polyacrylic acid or polysulfonic acid. 

[0135] When the photopolymerizable composition of the present invention is coated on a support, it is used by dis- 
solving in various organic solvents. Examples of the solvent to be used include acetone, methyl ethyl ketone, cyclohex- 

45 ane, ethyl acetate, ethylene dichloride, tetrahydrofuran, toluene, ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, ethylene glycol dimethyl ether, propylene glycol monoethyl ether, propylene glycol dimethyl ether, 
acetylacetone, cyclohexanone, diacetone alcohol, ethylene glycol monomethyl ether acetate, ethylene glycol ethyl 
ether acetate, ethylene glycol monoisopropyl ether, ethylene glycol monobutyl ether acetate, 3-methoxypropanol, meth- 
oxymethoxyethanol, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol dimethyl 

so ether, diethylene glycol diethyl ether, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether ace- 
tate, 3-methoxypropyl acetate, N,N-dimethylfbrmamide, dimethyl sulfoxide, -y-butyrolactone, methyl lactate and ethyl 
lactate. These solvents can be used alone or as a mixture. Concentration of solid components in the coating solution is 
preferably from 2 to 50% by weight. 

[0136] Since support-coating amount of the photosensitive layer can exert influences mainly upon sensitivity and 
55 developing property of the photosensitive layer and strength and printing durability of the exposure film, it is desirable 
to optionally select the amount depending on each purpose. The coating amount if too small would bear no sufficient 
printing durability. On the other hand, the amount if too large would cause reduced sensitivity, thus requiring not only an 
extended time for exposure but also a more prolonged period of time for processing. For a lithographic printing plate for 
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scanning exposure use, which is a main object of the present invention, the coating amount is preferably from about 0.1 
g/m 2 to about 10 g/m 2 as the weight after drying. More preferably, it is from 0.5 to 5 g/m 2 . 

[Support] 

5 

[0137] In order to obtain a lithographic printing plate as a main object of the present invention, it is desirable to pro-, 
vide the aforementioned photosensitive layer on a support having hydrophilic surface. As the hydrophilic support, any 
one of the well-known hydrophilic supports used in lithographic printing plates can be used without limitation. Preferably, 
the support to be used is a plate-like material having dimensional stability, such as paper, paper on which a plastic corn- 
to pound (e.g., polyethylene, polypropylene or polystyrene) is laminated, metal plates (e.g., aluminum, zinc and copper), 
plastic films (e.g., cellulose dtacetate, cellulose triacetate, cellulose propionate, cellulose butyrate, cellulose acetate 
butyrate, cellulose nitrate, polyethylene terephthalate, polyethylene, polystyrene, polypropylene, polycarbonate and pol- 
yvinyl acetal) and paper or plastic films on which the aforementioned metals are laminated or deposited, and, as occa- 
sion demands, hydrophilic property may be added to the surface of these supports or they may be subjected to an 
15 appropriate well-known physical or chemical treatment for the purpose, for example, of improving their strength. 

[0138] Among these supports, paper, a polyester film or an aluminum plate are preferred, and the aluminum plate 
is particularly preferred, because it has good dimensional stability, is relatively inexpensive and can provide a surface 
having excellent hydrophilic property and strength by a surface treatment as occasion demands. Also preferred is the 
complex sheet described in JP-B-48-18327, in which an aluminum sheet is bonded onto a polyethylene terephthalate 
.20 film. 

[0139] Desirable aluminum plate is a pure aluminum plate or an alloy plate which contains aluminum as the main 
component and hetero-elements in trace amounts, or it may be a plastic film on which aluminum is laminated or depos- 
ited. Examples of the hetero-elements contained in the aluminum alloy include silicon, iron, manganese, copper, mag- 
nesium, chromium, zinc, bismuth, nickel and titanium. The hetero-element content of the alloy is merely 10% by weight 

25 or less. Though the particularly desirable aluminum to be used in the present invention is pure aluminum, it is difficult 
to produce perfectly pure aluminum from the viewpoint of refining techniques, so that it may contain trace amounts of 
hetero-elements. Regarding such an aluminum plate to be applied to the present invention, its composition is not spec- 
ified, and any aluminum plate of well known and generally used material can be used at will. The aluminum plate to be 
used in the present invention may have a thickness of from about 0.1 mm to about 0.6 mm, preferably from 0.15 mm to 

30 0.4 mm, more preferably from 0.2 mm to 0.3 mm. 

[0140] In the case of a support having a metal, particularly aluminum, surface, it is desirable to carry out a surface 
treatment such as surface roughening (graining), soaking in a sodium silicate, potassium fluorozirconate or phosphate 
aqueous solution or anodizing. 

[0141] Roughening of the aluminum plate surface can be earned out by various method, such as a method in which 

35 the surface is mechanically roughened, a method in which the surface is electrochemically dissolved and roughened 
and a method in which the surface is selectively dissolved chemically. As the mechanical method, known methods such 
as ball grinding, brushing, blast grinding and buffing can be used. Regarding the electrochemical surface roughing 
method, there is a method in which it is carried out in an electrolytic solution such as of hydrochloric acid or nitric acid 
by alternating current or direct current. A method in which both currents are combined, as disclosed in JP-A-54-63902, 

40 can also be used. Also, in order to remove rolling oil from the surface, degreasing with a surface active agent, an organic 
solvent or an alkaline aqueous solution is carried out prior to the roughening of aluminum plate as occasion demands. 
[0142] Also, an aluminum plate which is roughened and then subjected to soaking in sodium silicate aqueous solu- 
tion is suitably used. As described in JP-B-47-5125, an aluminum plate which is subjected to anodizing treatment and 
then to soaking treatment in aqueous solution of an alkali metal silicate can be used desirably. The anodizing treatment 

45 is carried out by applying a current using the aluminum plate as anode, in an aqueous or non-aqueous electrolytic solu- 
tion of an inorganic acid such as phosphoric acid, chromic acid, sulfuric acid or boric acid or an organic acid such as 
oxalic acid or sulfamic acid, or a salt thereof, alone or in a combination of two or more solutions. 
[0143] Also effective is the silicate electrodeposition method described in U.S. Patent 3,658,662. 
[0144] Also useful is a surface treatment in which a support treated by electrolytic graining, as disclosed in JP-B- 

50 46-27481, JP-A-52-58602 and JP-A-52-30503, is combined with the aforementioned anodizing treatment and sodium 
silicate treatment. 

[0145] Also desirable is the method disclosed in JP-A-56-28893, in which a mechanical roughening, a chemical 
etching, an electrolytic graining, an anodizing treatment and a sodium silicate treatment are carried out in that order. 
[0146] Also desirable is a method in which a plate after completion of these treatments is further undercoated with 
55 a water-soluble resin such as polyvinyl phosphonate or a polymer or copolymer having sulfonate group side chains, 
polyacrylic acid, a water-soluble metal salt (e.g., zinc borate), a yellow dye or an amine salt. 

[0147] In addition, a sol-gel-treated plate prepared by covalent bonding of a functional group capable of generating 
addition reaction by radicals, as disclosed in JP-A-7-1 59983, can also be used desirably. 
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[0148] A method in which a water-resistant hydrophilic layer is arranged as a surface layer on an optional support 
can also be cited as another preferred example. Examples of such a surface layer include the layer comprising an inor- 
ganic pigment and a binder described for example in U.S. Patent 3,055,295 and JP-A-56-13168, the hydrophilic swell- 
ing layer described in JP-A-9-80744 and the sol-gel film described in JP-W-8-507727 (the term "JP-W" as used herein 
5 means an "unexamined published Japanese international patent application"), which comprises titanium oxide, polyvi- 
nyl alcohol and silicic acids. 

[0149] These hydrophilic treatments are carried out not only to give hydrophilic property to the support surface but 
also to prevent undesirable reactions of the photopolymerizable composition to be arranged thereon and to improve 
adhesive property of the photosensitive layer. 

10 

[Protective layer] 

[0150] According to the lithographic printing plate for scanning exposure use as a desirable embodiment of the 
present invention, the exposure is generally carried out in the air, so that it is desirable to arrange a protective layer fur- 

15 ther on the photopolymerizable composition layer. The protective layer renders possible the exposure in the air by pre- 
venting contamination of the photosensitive layer with low molecular weight compounds such as oxygen and basic 
substances, which inhibit the image forming reaction generated by exposure in the photosensitive layer. Accordingly, 
the characteristics expected from such a protective layer are that it has low permeability of low molecular weight com- 
pounds such as oxygen, it does not substantially inhibit permeation of light to be used for exposure, it has excellent 

20 adhesive property to the photosensitive layer and it can be easily removed at the developing step after exposure. Such 
measures regarding the protective layer have been made in the prior art and are described in detail in U.S. Patent 
3,458,31 1 and JP-A-5S49729. Regarding the materials which can be used in the protective layer, it is desirable to use 
water-soluble polymer compounds having relatively excellent crystallinity, and their known illustrative examples include 
water-soluble polymers such as polyvinyl alcohol, polyvinyl pyrrolidone, acidic celluloses, gelatin, gum arabic and poly- 

25 acrylic acid, in which the use of polyvinyl alcohol as the main component gives most excellent results of basic charac- 
teristics such as oxygen blocking ability and removable property at developing stage. The polyvinyl alcohol to be used 
in the protective layer may be substituted partially with an ester, an ether and an acetal, with the proviso that it contains 
unsubstrtuted vinyl alcohol units for keeping necessary oxygen blocking ability and water-solubility. In the same manner, 
a part of it may have other copolymer component. Examples of the polyvinyl alcohol include those which are hydrolyzed 

30 at a ratio of from 71 to 100 mol% and have a weight-average molecular weight of from 300 to 2,400. Their illustrative 
examples include those which are manufactured by KURARAY CO., LTD. such as PVA-105, PVA-110, PVA-117, PVA- 
117H, PVA-120, PVA-124, PVA-124H, PVA-CS, PVA-CST, PVA-HC, PVA-203, PVA-204, PVA-205, PVA-210, PVA-217, 
PVA-220, PVA-224, PVA-217EE, PVA-217E, PVA-220E, PVA-224E, PVA-405, PVA-420, PVA-613 and L-8. 
[0151] Components (selection of PVA and use of additive agents), coating amount and the like conditions of the 

35 protective layer are selected by taking into consideration its oxygen blocking ability and removable property at develop- 
ing stage, as well as fogging, adhesive property and scratch resistance. In general, the oxygen blocking ability becomes 
high as the hydrolyzing ratio of PVA becomes high (as the ratio of unsubstituted vinyl alcohol unit in the protective layer 
becomes high) and as the coat thickness becomes thick, which is advantageous from the viewpoint of sensitivity. How- 
ever, when the oxygen blocking ability is increased to an extreme degree, it causes problems such as generation of 

40 unnecessary polymerization reaction at the time of production and intact preservation and formation of undesirable fog- 
ging and thickening of image lines at the time of image exposure. Also, its adhesion to the image part and scratch resist- 
ance are important factors in view of the handling of the plate. That is, when a hydrophilic layer comprised of a water- 
soluble polymer is laminated on a lipophilic polymerization layer, delamination is apt to occur due to poor adhesive prop- 
erty and the de-laminated region generates a defect such as insufficient coat hardening due to polymerization inhibition 

45 by oxygen. Accordingly, various means for improving adhesive property between these two layers have been proposed. 
For example, JP-A-49-79702 and JP-A-47-469 describe that sufficient adhesive property can be obtained when a 
hydrophilic polymer mainly comprised of polyvinyl alcohol is mixed with from 20 to 60% by weight of an acrylic emulsion 
or a water-insoluble vinyl pyrrolidone-vinyl acetate copolymer, and the mixture is laminated on a polymerization layer. 
Any of such known techniques can be applied to the protective layer of the present invention. These protective layer 

50 coating methods are minutely described for example in U.S. Patent 3,458,31 1 and JP-A-55-49729. 

[01 52] In addition, other functions can be added to the protective layer. For example, safe light aptitude can be fur- 
ther improved without causing sensitivity reduction, by the addition of a colorant (e.g., a water-soluble dye) which has 
excellent permeability of an exposing light of from 350 nm to 450 nm and can efficiently absorb lights of 500 nm or more. 
[01 53] When a photosensitive material prepared using the photopolymerizable composition of the present invention 

55 is used as an image forming material, an image is generally obtained by carrying out image exposure and then remov- 
ing un-exposed part of the photosensitive layer by a developing solution. Examples of desirable developing solution in 
using such photopolymerizable composition for preparing a lithographic printing plate include those which are 
described in JP-B-57-7427, particularly an aqueous solution of an inorganic alkali agent such as sodium silicate, potas- 
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sium silicate, sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium tertiary phosphate, sodium secondary 
phosphate, ammonium tertiary phosphate, ammonium secondary phosphate, sodium metasilicate, sodium bicarbonate 
or aqueous ammonia or an organic alkali agent such as monoethanolamine or diethanolamine. Such an alkali solution 
is added to a concentration of from 0.1 to 10% by weight, preferably from 0.5 to 5% by weight. 
5 [0154] As occasion demands, such an alkaline aqueous solution can contain small amounts of a surface active 
agent and an organic solvent such as benzyl alcohol, 2-phenoxyethanol or 2-butoxyethanol. Their examples include 
those which are described in U.S. Patent 3,375,171 and U.S. Patent 3,615,480. 

[01 55] Also excellent are those developing solutions which are described in JP-A-50-26601 , JP-A-58-54341 , JP-B- 
56-39464 and JP-B-5&42860. 

10 [0156] As other plate-making process of the lithographic printing plate precursor of the present invention, whole 
heating may be carried out before exposure, during exposure or during a period between exposure and development 
as occasion demands. Such a heating accelerates image forming reaction in the photosensitive layer and bears advan- 
tages such as improvement of sensitivity and printing durability and stabilization of sensitivity. Also it is effective to carry 
out whole after-heating or whole exposure of the image after development, for the purpose of improving image strength 

15 and printing durability. In general, it is desirable to carry out the heating before development under a mild condition of 
150°C or less. The temperature if too high would cause problems such as fogging of even the non-image part. An 
extremely strong condition is applied to the heating after development. It is generally within the range of from 200 to 
500°C. The temperature if too low would bear no sufficient image strengthening action and if too high would cause prob- 
lems such as deterioration of the support and thermal decomposition of the image part. 

20 [0157] Regarding exposure method of the scanning exposure lithographic printing plate of the present invention, 
any of the known methods can be used without limitation. Desirable wavelength of the light source is from 350 nm to 
450 nm, and, illustratively, an InGaN semiconductor laser is desirable. The exposure mechanism may be any of internal 
drum system, external drum system and flat bed system. In addition, the photosensitive layer components of the 
present invention can be made soluble in neutral water and weakly alkaline aqueous solution by the use of components 

25 having high water solubility, and a lithographic printing plate of such a construction can be applied a system in which 
the plate is loaded on a printing machine and then exposure and development are carried out on the machine. 
[0158] The following can be used as available laser beam sources of 350 to 450 nm. 

[0159] As a gas laser, Ar ion laser (364 nm, 351 nm, 10 mW - 1 W), Kr ion laser (356 nm, 351 nm, 10 mW - 1 W) 
or He-Cd laser (441 nm, 325 nm, 1 mW - 100 mW), 

30 as a solid laser, a combination of Nd:YAG(YV0 4 ) with SHG crystals x 2 (355 nm, 5 mW - 1 W) or a combination 

of Cr:LiSAF with SHG crystals (430 nm, 10 mW), 

as a semiconductor laser system, a KNb0 3 ring resonator (430 nm, 30 mW), a combination of a wave guide type 
wave sensing element with an AIGaAs or InGaAs semiconductor (380 nm - 450 nm, 5 mW - 100 mW), a combination 
of a wave guide type wave sensing element with an AIGalnP or AIGaAs semiconductor (300 nm - 350 nm, 5 mW - 100 

35 mW) or AIGalnN (350 nm - 450 nm, 5 mW - 30 mW), and 

as a pulse laser, N 2 laser (337 nm, pulse 0.1 - 10 mJ) or XeF (351 nm, pulse 10 - 250 mJ). 
[0160] Among these light sources, the AIGalnN semiconductor laser (commercially available InGaN system semi- 
conductor laser, 400 - 410 nm, 5-30 mW) is particularly suitable in terms of wavelength characteristics and cost. 
[01 61] Also, the lithographic printing plate exposure apparatus of scanning exposure system is divided into internal 

40 drum system, external drum system and flat bed system, and all of the aforementioned light sources, excluding pulse 
lasers, can be used as the light source. From the practical point of view, the following exposure apparatuses are partic- 
ularly desirable based on the relationship between photosensitive material sensitivity and plate-making time. 

• A single beam exposure apparatus of internal drum system, which uses one gas laser or solid laser beam source. 
45 • A multi-beam exposure apparatus of fiat bed system, which uses a number of semiconductor lasers (1 0 or more). 

• A multi-beam exposure apparatus of external drum system, which uses a number of semiconductor lasers (10 or 
more). 

[0162] In the aforementioned laser direct imaging lithographic printing plate, the following equation (eq 1 ) is gener- 
50 ally set up among photosensitive material sensitivity X (J/cm 2 ), exposure area of photosensitive material S (cm 2 ), power 
of one laser beam source q (W), the number of lasers n and total exposure time t (s). 

X-S = n-q-t (eq1) 

55 i) In the case of internal drum (single beam) system, 

the following equation (eq 2) is generally set up among laser revolution speed f (radian/s), sub-scanning length of 
photosensitive material Lx (cm), resolution Z (dot/cm) and total exposure time t (s). 
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f*Z*t = Lx (eq2) 

ii) In the case of external drum (multi-beam) system, 

the following equation (eq 3) is generally set up among drum revolution speed F (radian/s), sub-scanning length of 
5 photosensitive material Lx (cm), resolution Z (dot/cm), total exposure time t (s) and the number of beams (n). 

F'Z«n-t = Lx (eq3) 

iii) In the case of flat bed (multi-beam) system, 

io the following equation (eq 4) is generally set up among polygon mirror revolution speed H (radian/s), sub-scanning 
length of photosensitive material Lx (cm), resolution Z (dot/cm), total exposure time t (s) and the number of beams 
(n). 

H*Z-n-t = Lx (eq4) 

15 

[0163] When the resolution required for practical printing plate (2,560 dpi), the plate size (A1/B1, sub-scanning 
length 42 inch), the exposure condition of about 20 sheets/1 hour and the photosensitive characteristics (photosensitive 
wavelength, sensitivity: about 0.1 mJ/cm 2 ) of the photosensitive composition of the present invention are substituted for 
the above equations, it can be understood that a combination with a semiconductor laser multi-beam exposure system . 
20 is more desirable for the photosensitive material of the present invention. In addition, when other factors such as work- 
ability and cost are included, it can be understood that a combination with the external drum system semiconductor 
laser multi-beam exposure system is most desirable. 

[0164] In addition, other exposure lights such as an ultra-high pressure, high pressure, medium pressure or low 
pressure mercury lamp, a chemical lamp, a carbon arc lamp, a xenon lamp, a metal halide lamp, various types of visible 

25 and ultraviolet laser lamps, a fluorescent lamp, a tungsten lamp and the sunlight can also be applied to the photopoly- 
merizable composition of the present invention. Regarding the use of the photopolymerizable composition of the 
present invention, it can be applied not only to lithographic printing plates for scanning exposure use but also to various 
other materials known as the use of photo-curing resins without limitation. For example, a highly sensitive material for 
optical image formation can be obtained by applying it to a liquid photopolymerizable composition with joint use of a cat- 

30 ion-polymerizable compound as occasion demands. Also, it can be made into a hologram material making use of its 
changes in refraction index accompanied by its photopolymerization. It can also be applied to various transfer materials 
(e.g., peeling photosensitive material and toner development sensitive material) making use of its changes in surface 
adhesive property accompanied by photopolymerization. Also, it can be applied to photo-curing of microcapsules. It can 
also be applied to the production of electronic materials such as photo-resists and photo-curing resin materials such as 

35 inks, paints and adhesives. 

[Examples] 

[01 65] Examples of the present invention are given below by way of illustration and not by way of limitation. 

40 

Synthesis Example 1 

Synthesis of 2-(1-methylnaphmo[1,2-d]thiazol-2(1H)-^ (D1) 

45 [0166] A flask was charged with 19.4 ml (25.2 mmol) of diisopropylamine and 150 ml of THF to which, while ice- 
cooling in a stream of nitrogen, was then gradually added dropwise 1.3 N hexane solution of n-butyl lithium. After 30 
minutes of stirring, the ice bath was changed to a dry ice/ethanol bath, and a solution prepared by dissolving 3.17 g 
(24.0 mmol) of 1-indanone in 50 ml of THF was slowly added dropwise. After additional 1 hour of stirring, to this was 
added 5 g (12.0 mmol) of 1-methyl-2-(methylthio)-naphtho[1,2-d]thiazolium 4-methylbenzenesulfonate powder in small 

so portions. After additional 3 hours of stirring, the reaction solution was gradually returned to room temperarure and then 
the reaction was completed by adding water to the reaction solution. The reaction solution was acidified with dilute 
hydrochloric acid and extracted with ethyl acetate, the thus obtained oil layer was washed with water and dried with 
magnesium sulfate, and then the solvent was evaporated under a reduced pressure to obtain black and oily crude prod- 
uct. By carrying out purification with a silica gel column chromatography using ethyl acetate/methylene chloride (15:85 

55 v:v) as the eluent, 1 .2 g (3.64 mmol) of yellow crystals of D1 was obtained. Yield was 30%. Its structure was identified 
by nuclear magnetic resonance spectrum, infrared absorption spectrum, mass spectrometry spectrum and elemental 
analysis (found; carbon 76.59%, hydrogen 4.57% calcd.; carbon 76.57%, hydrogen 4.59%). 

[0167] Melting point [230 - 245°C] (CHCI 3 -EtOAc), electron absorption spectrum (THF): absorption maximum 
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wavelength 421 nm, absorption maximum molar absorbance coefficient 48000. 
Synthesis Example 2 

5 Synthesis of 2^3^thyl-2(3HH>enzothia2olylidene)-1 t 3^ihydrc-1*oxo-2HHndene (D2) 

[0168] A flask was charged with 6.12 g (153 mmol) of sodium hydride (60 wt %), and 500 ml of THF was added 
thereto in a stream of nitrogen and stirred to make a suspension. While ice-cooling, to this was added 30 g (76.3 mmol) 
of 3-ethyl-2-(ethylthio)-2(3H)-benzothiazolium 4-methytbenzenesulfonate powder in small portions. Next, to this was 

10 added dropwise 100 ml of THF solution containing 20.2 g (153 mmol) of 1-indanone. The reaction solution was stirred 
under ice-cooling for 3 hours and at room temperature for 3 hours and then mixed with 20 ml of methanol. When the 
reaction solution was poured in small portions into a stirred mixed solution of 1 liter of water and 1 liter of methanol, yel- 
low crude crystals were obtained. The crude crystals were suspended in 200 ml of methanol, refluxed, purified and then 
collected by filtration, thereby obtaining 7.06 g (24.1 mmol) of ocherous crystals of D2. Yield was 32%. Its structure was 

15 identified by nuclear magnetic resonance spectrum, infrared absorption spectrum, mass spectrometry spectrum and 
elemental analysis (found; carbon 73.41%, hydrogen 5.12% calcd.; carbon 73.69%, hydrogen 5.15%). 
[0169] Melting point [205 - 215°C] (MeOH), electron absorption spectrum (MeOH): absorption maximum wave- 
length 411 nm, absorption maximum molar absorbance coefficient 44000. Oxidation potential (CH 3 CN, vs Ag/AgCI) 
+0.90 V. 

20 

Synthesis Example 3 

Synthesis of 2-(3-ethyl-2(3H)-benzothiazolylidene)-1 ,3-dihydro-1-oxo-3-phenyl-2H-indene (D14) 

25 [0170] A flask was charged with 1 .2 g (30 mmol) of sodium hydride (60 wt %), and 1 00 ml of THF was added thereto 
in a stream of nitrogen and stirred to make a suspension. While ice-cooling, to this was added 5.9 g (15 mmol) of 3- 
ethyl-2-(ethylthio)-2(3H)-benzothiazoKum 4-methylbenzenesulfbnate powder in small portions. Next, to this was added 
dropwise 50 ml of THF solution containing 6.24 g (30 mmol) of 3-phenyt-1-indanone. The reaction solution was stirred 
under ice-cooling for 3 hours and at room temperature for 3 hours and then mixed with 20 ml of methanol. When the 

30 reaction solution was poured in small portions into a stirred mixed solution of 100 ml of water and 100 ml of methanol, 
yellow crude crystals were obtained. The crude crystals were suspended in 100 ml of methanol, refluxed, purified and 
then collected by filtration, thereby obtaining 1.23 g (3.33 mmol) of yellow crystals of D14. Yield was 22%. Its structure 
was identified by nuclear magnetic resonance spectrum, infrared absorption spectrum, mass spectrometry spectrum 
and elemental analysis (found; carbon 78.00%, hydrogen 5.15% calcd.; carbon 78.02%, hydrogen 5.18%). 

35 [0171] Melting point [203 - 205°C] (MeOH), electron absorption spectrum (MeOH): absorption maximum wave- 
length 412 nm, absorption maximum molar absorbance coefficient 41000. Oxidation potential (CH 3 CN, vs Ag/AgCI) 
+0.95 V. 

Synthesis Example 4 

40 

Synthesis of 2-(3-ethyl-2(3H)-benzothiazolylidene)-1,3-dihydro-3-oxo-2H-indene-1-carboxylic acid (D4) 

[01 72] A flask was charged with 2.4 g (60 mmol) of sodium hydride (60 wt %), and 1 00 ml of THF was added thereto 
in a stream of nitrogen and stirred to make a suspension. While ice-cooling, to this was added 5.9 g (15 mmol) of 3- 

45 ethyl-2-(ethylthio)-2(3H)-benzothiazolium 4-methylbenzenesulfonate powder in small portions. Next, to this was added 
dropwise 30 ml of THF solution containing 5.28 g (30 mmol) of 1-carboxy-3-indanone. The reaction solution was stirred 
under ice-cooling for 3 hours and at room temperature for 3 hours and then mixed with 20 ml of methanol. When the 
reaction solution was acidified with hydrochloric acid and poured in small portions into a stirred mixed solution of 100 
ml of water and 100 ml of methanol, yellow crude crystals were obtained. The crude crystals were suspended in 100 

so ml of methanol, refluxed, purified and then collected by filtration, thereby obtaining 1 .48 g (4.39 mmol) of yellow crystals 
of D4. Yield was 29%. Its structure was identified by nuclear magnetic resonance spectrum, infrared absorption spec- 
trum, mass spectrometry spectrum and elemental analysis (found; carbon 67.61%, hydrogen 4.48% calcd.; carbon 
67.64%, hydrogen 4.48%). Melting point [163 - 168°C] (MeOH). 

55 
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Synthesis Example 5 

Synthesis of 2-(3-(trimethytsilylmethyl)-2(3H)-D^ (D3) 

5 [0173] In a flask, 5.2 g (22 mmol) of trimethylsilylmethyl triflate, 3.63 g (20 mmol) of 2-(methylthio)benzothiazole and 
20 ml of methylene chloride were mixed and stirred for 2 hours. After evaporation of methylene chloride under a reduced 
pressure, the resulting residue was mixed with 100 g of ethyl acetate and the thus precipitated solid was collected by 
filtration to obtain 7.7 g (18 mmol) of white crystals of 3-(trimethylsilylmethyl)-2-<methylthio)-2(3H)-ben2othiazolium tri- 
flate. 

10 [0174] Next, a flask was charged with 0.8 g (20 mmol) of sodium hydride (60 wt %), and 100 ml of THF was added 
thereto in a stream of nitrogen and stirred to make a suspension. While ice-cooling, to this was added 4.18 g (10 mmol) 
of 3-(m'memylsiIylmethyl)-2-(methylthio)-2(3H)-benzothiazolium triflate powder in small portions. Next, to this was 
added dropwise 100 ml of THF solution containing 2.64 g (20 mmol) of 1-indanone. The reaction solution was stirred 
under ice-cooling for 3 hours and at room temperature for 3 hours and then mixed with 20 ml of methanol. When the 

15 reaction solution was poured in small portions into a stirred mixed solution of 1 liter of water and 1 liter of methanol, yel- 
low crude crystals were obtained. The crude crystals were suspended in 200 ml of methanol, refluxed, purified and then 
collected by filtration, thereby obtaining 1.2 g (3.41 mmol) of ocherous crystals of D3. Yield was 34%. Its structure was 
identified by nuclear magnetic resonance spectrum, infrared absorption spectrum, mass spectrometry spectrum and 
elemental analysis (found; carbon 68.30%, hydrogen 6.05% calcd.; carbon 6&33%, hydrogen 6.02%). 

20 [0175] Melting point [188 - 190°C] (MeOH), electron absorption spectrum (MeOH): absorption maximum wave- 
length 417 nm, absorption maximum molar absorbance coefficient 39000. Oxidation potential (CH 3 CN, vs Ag/AgCI) 
+0.85 V. 

Synthesis Example 6 

25 

Synthesis of 2-(5-(1 ,1 -dimethylethyl)-1 ,3-benzodithiol-2-ylidene)-1 ,3-dihydro-1-oxo-2H-indene (D18) 

[0176] A flask was charged with 1 .54 g (5 mmol) of 5-(1 ,1-dimethylethyl)-3a,7a-dihydro-benzodithiol-1-ium perchlo- 
rate, 0.33 g (2.5 mmol) of 1-indanone and 10 ml of methylene chloride, and the mixture was stirred at room temperature 

30 for 2 hours. After evaporation of methylene chloride under a reduced pressure, the resulting residue was mixed with 20 
ml of ethanol, and the thus precipitated crystals were collected by filtration and recrystallized from ethanol to obtain 0.66 
g (1 .9 mmol) of yellow crystals of D18. Yield was 78%. Its structure was identified by nuclear magnetic resonance spec- 
trum, infrared absorption spectrum, mass spectrometry spectrum and elemental analysis (found; carbon 70.99%, 
hydrogen 5.39% calcd.; carbon 70.97%, hydrogen 5.36%). 

35 [01 77] Melting point [210 - 212°C] (MeOH), electron absorption spectrum (THF): absorption maximum wavelength 
405 nm, absorption maximum molar absorbance coefficient 32000. 

EXAMPLES 1 TO 8 AND COMPARATIVE EXAMPLES 1 TO 7 

40 (Preparation of support) 

[0178] An aluminum plate of 0.3 mm in thickness was soaked 10% by weight sodium hydroxide at 60°C for 25 sec- 
onds to effect etching, washed with running water, neutralized and washed with 20% by weight nitric acid and then 
washed with water. This was subjected to electrolytic surface roughening treatment in 1% by weight nitric acid aqueous 

45 solution using sinusoidal alternating wave form current at an anode electric variable of 300 coulomb/dm 2 . Subse- 
quently, this was soaked in 1% by weight sodium hydroxide aqueous solution at 40°C for 5 seconds, soaked again in 
30% by weight sulfuric acid aqueous solution to carry out 40 seconds of desmut treatment at 60°C, and then subjected 
to 2 minutes of anodic oxidation treatment in 20% by weight sulfuric acid aqueous solution at a current density of 2 
A/dm 2 so that thickness of the anodic oxidation coating became 2.7 g/m 2 . When measured, its surface roughness was 

so found to be 0.3 u.m (Ra expression by J IS B 0601 ). 

[0179] The following sol-gel reaction solution was coated on the backside of the thus treated base plate using a bar 
coater and dried at 100°C for 1 minute, thereby preparing a support having a back coat layer of 70 mg/m 2 in coated 
amount after drying. 

55 
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[0180] 





Tetraethyl silicate 


50 parts by weight 




Water 


20 parts by weight 


10 


Methanol 


15 parts by weight 




Phosphoric acid 


0.05 part by weight 



[0181] When these components were mixed and stirred, exothermic reaction started after about 5 minutes. After 60 
15 minutes of the reaction, a solution shown in the following was added thereto to prepare a back coat coating solution. 



20 



25 



Pyrogallol formaldehyde condensation resin (molecular weight 2,000) 
Dimethyl phthalate 

Fluorine based surface active agent (N-butylperfluorooctane sulfonamide ethylacrylate/poly- 
oxyethylene acrylate copolymer: molecular weight 20,000) 

Methanol silica sol (manufactured by Nissan Chemical Industries, methanol 30% by weight) 
Methanol 



4 parts by weight 

5 parts by weight 
0.7 part by weight 

50 parts by weight 
800 parts by weight 
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(Preparation of photosensitive layer) 

[0182] A photopolymerizable composition of the following formulation was coated on the thus treated aluminum 
plate to a dry base coated amount of from 1.0 to 2.0 g/m 2 and dried at 80°C for 2 minutes to effect formation of a pho- 
tosensitive layer. 



Pentaerythritol tetraacrylate 

Benzyl methacrylate/methacrylic acid copolymer (copolymerization molar ratio 75/25) 



1.5 g 
2.0 g 



Photopolymerization initiation system (see Table 1) 
[0183] 



Sensitizing dye (D1. D2, D14, DR-1 to DR-3) 
Activator (A-1 to A-5) 
Co-sensitizer (C-1 to C-3) 

Fluorine based nonionic surface active agent (F-177P) 

Heat polymerization inhibitor (N-nitrosophenylhydroxylamine aluminum salt) 



Xg 
Yg 
Zg 
0.03 g 
0.01 g 
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Pigment dispersion 
Composition of pigment dispersion 
5 [0184] 



Composition: Pigment Blue 15:6 


15 parts by weight 


Allyl methacrylate/methacrylic acid copolymer (copolymerization molar ratio 83/17) 


10 parts by weight 


Cyclohexanone 


15 parts by weight 


Methoxypropyl acetate 


20 parts by weight 


Propylene glycol monomethyl ether 


40 parts by weight 


Methyl ethyl ketone 


20 g 


Propylene glycol monomethyl ether 


20 g 



20 

(Preparation of protective layer) 

[01 85] An aqueous solution of 3% by weight polyvinyl alcohol (saponification value 98 mol%, polymerization degree 
550) was coated on the photosensitive layer to a coated dry weight of 2 g/m 2 and dried at 100°C for 2 minutes. 

25 

(Evaluation of sensitivity) 

[0186] Fuji Step Guide (a gray scale in which the permeation optical density changes discontinuously at AD = 0.15) 
manufactured by Fuji Photo Film Co., Ltd. was adhered closely onto the thus obtained photosensitive material, and 

30 exposure was carried out at known exposure energy using a xenon lamp through an optical filter. Thereafter, develop- 
ment was carried out by soaking the material in a developing solution having the following composition at 25°C for 10 
seconds, and the highest number of steps at which the image was completely removed was read and its exposure 
energy level was obtained to calculate the sensitivity (unit, mJ/cm 2 ). Smaller energy level means higher sensitivity. In 
order to estimate exposure aptitude to short wave semiconductor laser, exposure was carried out with a monochromic 

35 light of 400 nm using Kenko BP-40 as the optical filter. The results are shown in Table 1 . 

(Composition of developing solution) 
[0187] 

. 40 



DP-4 (manufactured by Fuji Photo Film Co., Ltd.) . 65.0 g 

Water 880.0 g 

Lipomin LA (20% aqueous solution, mfd. by Lion Corp.) 50.0 g 



50 
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[0188] As is evident from Examples 1 to 8, the initiation system of the present invention shows practically sufficient 
high sensitivity. It is evident from Comparative Examples 1 to 3 that the initiation system of the present invention can 
express high sensitivity by the joint use of the sensitizing dye and activator, and it can be understood from Examples 1 
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w 



15 



20 



to 5 that broad range of compounds can be applied as the activator of the present invention independent of the sensi- 
tization mechanism. In addition, comparison of Example 1 with Comparative Examples 5 to 7 suggests that the struc- 
tural characteristic of the sensitizing dye of the present invention for showing high sensitivity is based on the 1,3- 
dihydro-1-oxo-2H-indene partial structure, which is an unexpected discovery. 

EXAMPLES 9 TO 16 AND COMPARATIVE EXAMPLE 8 

[0189] Lithographic printing plates were prepared in the following manner and their printing performance was eval- 
uated. The results are shown in Table 2. 

[Pretreatment of support] 

[0190] Using No. 8 nylon brush and water suspension of 800 mesh pumice stone, the surface of an aluminum plate 
of material 1S having a thickness of 0.3 mm was grained and then thoroughly washed with water. After soaking in 10% 
by weight sodium hydroxide at 70°C for 60 seconds to effect etching, the plate was washed with running water, neutral- 
ized and washed with 20% by weight nitric acid and then washed with water. This was subjected to electrolytic surface 
roughening treatment in 1 % by weight nitric acid aqueous solution using sinusoidal alternating wave form current at an 
anode electric variable of 300 coulomb/dm 2 . When measured, its surface roughness was found to be 0.45 p.m (Ra 
expression by JIS B 0601 ). 

[Hydrophilic treatment of support surface] 

[0191] The above-described support was soaked in an aqueous solution of 2.5% by weight No. 3 sodium silicate 
(Si0 2 = 28 - 30%, Na 2 0 = 9-1 0%, Fe = 0.02% or less), pH = 1 1 .2, at 70°C for 1 3 seconds, and then washed with water. 
The amount of silicate on the surface was calculated to be 10 mg/m 2 , based on the amount of Si element measured by 
X-ray fluorescence analysis of the surface. 

[Coating of intermediate layer] 



30 



35 



[0192] A coating solution of the following composition of (A) was prepared, coated on the surface of the thus 
obtained hydrophilic support using a whirler under a condition of 180 rpm, in such an amount that the amount of coated 
phenyl phosphonate became 20 mg/m 2 , and then dried at 80°C for 30 seconds. 

(Intermediate layer coating solution A) 

[0193] 



40 



Phenyl phosphonate 


0.07 to 1.4 g 


Methanol 


200 g 



45 



[Coating of photosensitive layer] 

[0194] A photosensitive solution of the following composition was prepared, coated on the thus intermediate layer- 
arranged support using a whirler, in such an amount that the coated amount became 1 .0 to 2.0 g/m 2 and then dried at 
100°Cfor 1 minute. 



so (Photosensitive solution) 
[0195] 



55 



Addition-polymerizable compound (compound shown in Table 2) 
Binder polymer (compound shown in Table 2) 



1.5 g 
2.0 g 
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(continued) 





Sensitizing dye (compound shown in Table 2) 


0.1 g 




Activator (compound shown in Table 2) 


0.1 g 


5 


Co-sensitizer (compound shown in Table 2) 


0.3 g 




Coloring pigment dispersion 


2.0 g 



Composition of pigment dispersion 

10 

[0196] 



15 


Pigment Blue 15:6 


15 parts by weight 




Ally! methacrylate/methacrylic acid copolymer (copolymerization molar ratio 83/17) 


10 parts by weight 




Cydohexanone 


15 parts by weight . 


20 


Methoxypropyl acetate 


20 parts by weight 




Propylene glycol monomethyl ether 


40 parts by weight 




Heat polymerization inhibitor (N-nitrosophenylhydroxylamine aluminum salt) 


0.01 g 




Surface active agent (Megafac F-177, manufactured by Dainippon Ink & Chemicals, Inc.) 


0.02 g 


25 . 


Methyl ethyl ketone 


20.0 g 




Propylene glycol monomethyl ether 


20.0 g 



30 [Coating of protective layer] 

[01 97] An aqueous solution of 3% by weight polyvinyl alcohol (saponification value 98 mol% f polymerization degree 
550) was coated on the photosensitive layer to a coated dry weight of 2 g/m 2 and dried at 100°C for 2 minutes. 

35 [Exposure of lithographic printing plate precursor] 

[0198] The thus obtained lithographic printing plate precursor was subjected to solid image exposure and dot 
image exposure under conditions of 175 lines/inch and from 1 to 99% dots at 1% intervals, using a monochromatic light 
of 400 nm and by adjusting the exposure power to a printing plate exposure energy density of 200 uJ/cm 2 . 

40 

[Development/plate making] 

[0199] A lithographic printing plate was obtained by charging an automatic developing machine LP-850 manufac- 
tured by Fuji Photo Film Co., Ltd. with a predetermined developing solution (shown in Table 2) and Finisher FP-2W 
45 manufactured by Fuji Photo Film Co., Ltd. and then carrying out development/plate making of an exposed plate at a 
developing solution temperature of 30°C for a developing time of 18 seconds. 

[Printing durability test] 

so [0200] As a printing machine, R 201 manufactured by Roland Co. was used, and GEOS-G (N) manufactured by 
Dainippon Ink & Chemicals, Inc. was used as the ink. Prints of solid image parts were observed, and the printing dura- 
bility was examined by the number of prints which started blurring. Larger number means better printing durability. 

[Dot printing durability forced test] 

55 

[0201] As a printing machine, R 201 manufactured by Roland Co. was used, and GEOS-G (N) manufactured by 
Dainippon Ink & Chemicals, Inc. was used as the ink. The ink of the plate surface after 5,000 times of printing was 
cleaned by wiping the dotted parts with a sponge for printing use moistened with PS Plate Cleaner CL-2 manufactured 
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by Fiji Photo Film Co., Ltd. Thereafter, the printing was continued for 10,000 times and the plate wearing of dots on the 
prints was observed with the naked eye. 

[Scumming test] 

5 

[0202] As a printing machine, R 201 manufactured by Roland Co. was used, and GEOS-G (S) manufactured by 
Dainippon Ink & Chemicals, Inc. was used as the ink. The scumming was evaluated by observing prints of non-image 
parts (unexposed parts). 

10 (Addition-polymerizable compounds in Table 2) 

(M-1) 

[0203] 

15 

Pentaerythritol tetraacrylate (NK Ester A-YMMT, manufactured by Shin-Nakamura Chemical Co., Ltd.) 
(M-2) 
20 [0204] 

Glycerin dimethacrylate hexamethytene diisocyanate urethane prepolymer (UA101H, manufactured by Kyoei-sha 
Chemical Co., Ltd.) 

25 (Binder polymers in Table 2) 

(B-1) 

[0205] 

30 

Allyl methacrylate/methacrylic acid/N-isopropylacrylamide (copolymerization molar ratio 67/13/20) 
Acid value measured by NaOH titration, 1.15 meq/g 
Weight-average molecular weight measured by GPC, 130,000 

35 (B-2) 

[0206] 

Allyl methacrylate/methacrylic acid copolymer (copolymerization molar ratio 83/17) 
40 Acid value measured by NaOH titration, 1 .55 meq/g 

Weight-average molecular weight measured by GPC, 125,000 

(B-3) 

45 [0207] Polyurethane resin obtained by condensation polymerization of the following diisocyanates and diols. 

4,4-Diphenyl methane diisocyanate (MDI) 
Hexamethylene diisocyanate (HMDI) 

Polypropylene glycol, weight-average molecular weight 1,000 (PPG 1000) 
so 2,2-Bis(hydroxymethyl)propionic acid (DMPA) 

Copolymerization molar ratio (MDI/HMDI/PPG 1000/DMPA) 40/10/15/35 
Acid value measured by NaOH titration, 1 .05 meq/g 
Weight-average molecular weight measured by GPC, 45,000 
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(Developing solution in Table 2) 
(DV-1) 

5 Aqueous solution of pH 10 having the following composition 
[0208] 



10 



15 


Monoethanolamine 
Triethanolamine 

Compound of the following formula 1 
Compound of the following formula 2 
Compound of the following formula 3 
Water 


0.1 part by weight 
1 .5 parts by weight 
4.0 parts by weight 
2.5 parts by weight 
0.2 part by weight 
91.7 parts by weight 


20 

(DV-2) 

Aqueous solution of pH 10 having the following composition 
25 [0209] 


30 
35 


Sodium bicarbonate 

Sodium carbonate 

Compound of the following formula 1 

Compound of the following formula 2 

Compound of the following formula 3 

Water 


1 .2 parts by weight 
0.8 part by weight 
3.0 parts by weight 
2.0 parts by weight 
0.2 part by weight 
92.8 parts by weight 


(DV-3) 

40 

Aqueous solution of pH 13 having the following composition 
[0210] 

45 


SO 


1 K Potassium silicate 

Potassium hydroxide 

Compound of the following formula 3 

Water 


3.0 parts by weight 
1.5 parts by weight 
0.2 part by weight 
95.3 parts by weight 
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(formula 1) 



[0211] ("Pelex NBL", an anionic surfactant, manufactured by Kao Corporation, wherein R is H or C 4 H 9 .) 




^ -0(C2H 5 0)nS03Na (formula 2) 



(A modified product of "Newcol B4", an anionic surfactant, manufactured by Nippon Nyukazai Co., Ltd., wherein n is 
about 4 (average value).) 



Na0 2 C— \ r~ C0 2 Na 

N^X^N (formula 3) 
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[0212] As is evident from Table 2 t according to the lithographic printing plate of the present invention, an excellent 
lithographic printing plate can be provided under such a condition that plate making can be made with high productivity 
by scanning exposure, namely under a considerably low energy exposure condition. On the other hand, practically usa- 
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ble lithographic printing plate could not be obtained in Comparative Example 8 in which the initiation system of the 
present invention was not used. 



EXAMPLE 17 

[0213] A lithographic printing plate precursor was prepared in the same manner as described in Examples 1 to 8, 
except that the initiation system was changed to the following composition, and the coat thickness of photopolymeriza- 
tion layer was changed to 1 .5 g/m 2 



Initiation system 


D35 


0.07 g 


Trtanocene 


A-1 


0.08 g 


Co-sensitizer 


C-2 


0.2 g 



[0214] The thus obtained lithographic printing plate precursor was subjected to scanning exposure using a mono- 
chromatic light of 400 nm under such conditions that the exposure energy density became 0.25 mJ/cm 2 . Next, the plate 
20 was heated at 100°C for 10 seconds and then subjected to the aforementioned developing treatment. 

[0215] A lithographic printing plate having blue image with excellent visibility was obtained. When offset printing 
was carried out using the thus obtained plate and a printing machine KOR-D manufactured by Heidelberger, it was able 
to obtain 50,000 sheets or more of prints having excellent image density and anti-scumming property. 



25 EXAMPLE 18 

[0216] The plate of Example 17 was exposed to a yellow light for 1 hour before the exposure and then the plate 
making and printing were carried out completely in the same manner. Completely the same good results of Example 17 
were obtained. 

30 

EXAMPLE 19 



[0217] The plate of Example 18 was stored for 3 days under forced storing conditions of 65% humidity and 45°C 
and then the plate making and printing were carried out in the same manner as the case of Example 17. Good results 
35 similar to those-of Example 1 7 were obtained. 

EXAMPLE 20 



[0218] A photosensitive layer composed of the following composition was coated on a PET film to a coating amount 
40 of 2.0 g/m 2 . 

[0219] The content among photosensitive layer total components 



45 


Binder resin (polymethyl methacrylate) 




90wt% 




Sensitizing dye 


D15 


1.5 wt% 




Activator 


A-6 


5.0 wt% 


50 


Acid-achromatic dye (naphthalenesulfonic acid salt of Victoria Pure Blue) 




2.0 wt% 



[0220] The thus obtained blue sensitive material was subjected to 30 seconds of exposure using a metal halide 
lamp. The material was changed to a light yellow transparent film due to complete disappearance of the blue color. 
[0221] Thus, this initiation system functions also as an acid generator. 

55 

EXAMPLE 21 

[0222] The procedure of Example 20 was repeated, except that the activator was changed to A-7. Photo-achrc- 
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mium of the dye was observed similar to the case of Example 20. 
EXAMPLE 22 

5 [0223] The procedure of Example 21 was repeated, except that the activator was changed to A-8. Photo-achro- 
mium of the dye was observed. 

EXAMPLE 23 

10 [0224] A photosensitive layer composed of the following composition was coated on a PET film to a coating amount 
of 2.0 g/m 2 . 

[0225] The content among photosensitive layer total components 



Binder resin (polymethyl methacrylate) 




90wt% 


Sensitizing dye 


D26 


1.5 wt% 


Activator 


A-9 


8.5 wt% 



[0226] The coat film on the surface of the thus obtained photosensitive material showed a pH value of 5.6 when 
measured. Next, when the photosensitive material was subjected to 5 minutes of exposure using a xenon lamp and 
then its coat film pH was measured, it was found to be 9.5. 
25 [0227] Thus, this initiation system has an optical base generating ability. 

EXAMPLE 24 

[0228] A photosensitive layer composed of the following composition was coated on a PET film to a coating amount 
30 of 2.0 g/m 2 . 

[0229] The content among photosensitive layer total components 



35 


Binder resin (polymethyl methacrylate) 




90 wt% 




Sensitizing dye 


D15 


1.5 wt% 




Activator 


A-6 


5.0 wt% 


40 


Oxidation coloring dye (Leuco Crystal Violet) 




2.0 wt% 



[0230] The thus obtained light yellow transparent photosensitive material was subjected to 30 seconds of exposure 
using a metal halide lamp. It developed a bright blue color. This is considered to be oxidation coloring of the leuco pig- 
ment effected by the radical formation in this initiation system. 
45 [0231] Structures of the compounds used in Examples and Comparative Examples, excluding the formulae 1 to 3, 
are as follows. 
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45 



50 
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35 (In the above formulae, Ts means tosyl group.) 

[0232] The lithographic printing plate precursor of the present invention can provide a lithographic printing plate 
which has sufficient sensitivity suited for the scanning exposure by a short wave semiconductor laser such as InGaN 
and is excellent in terms of printing durability, anti-scumming property and stability. Since the lithographic printing plate 
precursor for scanning exposure use of the present invention has markedly improved fogging under yellow light, work- 

40 ability for handling plates can be sharply improved. In addition, the photo-initiation system of the present invention has 
excellent sensitivity and can generate radicals, acids and bases. 

Claims 

45 1 . A photosensitive composition which comprises (i) a sensitizing dye represented by formula (I), (ii) an activator com- 
pound that generates chemical changes by its interaction with an electronic excitation condition induced by light 
absorption of the sensitizing dye represented by the formula (I) and thereby produces at least any one of radicals, 
acids and bases and (iii) a compound whose physical or chemical characteristics are changed and maintained by 
undergoing reaction with at least any one of radicals, acids and bases; 

50 
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5 



10 




15 

wherein A represents S atom or NR 7 , Y represents a non-metallic atomic group which forms basic nucleus of the 
dye together with the adjacent A and carbon atom, each of R 1t R 2 , R3, R4, R5 and Re independently represents a 
monovalent group of the non-metallic atomic group, and R 7 represents an alkyi group or an aryl group. 

20 2. The photosensitive composition according to claim 1 , wherein the compound whose physical or chemical charac- 
teristics are changed and maintained by undergoing reaction with at least any one of radicals, acids and bases is 
an addition-polymerizable compound having an ethylenic unsaturated double bond. 

3. A 1 ,3-dihydro-1-oxo-2H-indene derivative represented by formula (II); 

25 



30 



35 




(ID 



40 wherein A represents S atom or NR 7 , each of R 1t R 2 , R 3 , R 4 , R 5 , Rg t R 8 and R9 independently represents a mono- 
valent group of the non-metallic atomic group, and R 7 represents an alkyl group or an aryl group, wherein Rq and 
Rg may combine with each other to form a five- to eight-membered ring. 

45 



50 



55 



61 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□f FADED TEXT OR DRAWING 

JdffiLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□/LINES OR MARKS ON ORIGINAL DOCUMENT 

Z/ 

£f REFERENCE^) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



